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Chapter 1 
INTRODUCTION 
1.1 Definition of neuro-urology 
Neuro-urology is a specific subspecialty within the discipline of urology, concerned 
pnmanly but not exclusively with micturition disorders secondary to diseases afflicting 
the neurologic system.1 Neuro-urology as a subspecialty of urology has close connections 
with neurology, neurosurgery, neuroanatomy, neurophysiology, pharmacology, 
rehabilitation medicine and biomedical engineering. Due to the growing scientific interest 
in this field of urology during the last decades, a fast development of knowledge has been 
obtained 
1.2 Historical background 
The function of the lower urinary tract has been studied for more than a century The 
description of the parasympathetic motor innervation of the detrusor by Budge was one of 
the first reports on this subject.2 The reflex nature of micturition was already described in 
the 1890's, but little was known about the central regulatory mechanisms.3 Elliot 
elucidated the influence of the sympathetic nervous system on the bladder and urethra in 
different species 4 The first experiments in animals of the influence of brain stem centers 
and spinal pathways on the function of the lower urinary tract were performed by 
Barrington 5 6 7 Further anatomical studies helped to clarify the structure of the lower 
urinary tract Due to the work of Lapides and Woodburne, the initial concept of an 
external and internal sphincter was abandoned.89 They showed that the presumed internal 
sphincter was in fact the direct distal continuation of detrusor muscles fibers. The 
development of different histochemical fluorescence techniques made it possible to study 
the important neurotransmitters in the lower urinary tract These studies resulted in a 
better understanding of the correlation between function and structure.10 
The knowledge on the innervation of the lower urinary tract has also been increased by 
reports on the pathophysiology. The perception of the influence of suprasacral 
innervation in humans was enlarged by the reports on the reflex type of voiding in 
paraplegics by Hald et al , and on the peripherally denervated bladder for the sacral 
innervation by Denny-Brown et al." '2 A study by Andrew and Nathan on patients with 
lesions of the anteromedial part of the frontal lobes, augmented the information of the 
influence of cerebral centers on micturition '3 
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With the increased understanding of the complexity of the lower urinary tract, the need 
for more precise diagnostic data became evident. In 1882, Mosso and Pellacani 
introduced urodynamics with cystometry and they showed that bladder pressure rises 
sharply at the start of micturition and declines gradually after a peak has been reached.14 
Multichannel cystometry, capable of recording vesical, urethral, intraabdominal and even 
perineal and abdominal wall pressures, was initiated in the early thirties of this century by 
Rose, Denny-Brown and Robertson.1516 They showed that urine flow was preceded by 
perineal, smooth and striated urinary sphincter relaxation and a steeply rising detrusor 
pressure. Modifications of the cystometer were described by Langworthy et al. and 
Karlson.1718 In the 1960's, the development of cystometers using electronic pressure 
registration made electromyographic registration of the periurethral striated sphincter 
possible.'920 The drawback of the previous cystometers was the inability to measure both 
bladder pressure and urinary flow. The first who combined bladder pressure registration 
with flow rates was von Garrelts.21 His work introduced the urodynamic testing as it is 
known today. Refinement of urodynamics was made by the introduction of combined 
cystometry with radiology and urethral sphincter pressure measurements.22 
1.3 Anatomy and physiology of the lower urinary tract 
The functions of the lower urinary tract are storage of urine in the urinary bladder, and 
evacuation of the intravesical content through an outlet consisting of bladder neck, 
urethra, and striated muscles of the urethral sphincter.23 These functions are controlled by 
neural circuits located in the brain, spinal cord, and peripheral ganglia. This central 
nervous control distinguishes the lower urinary tract from many other visceral structures, 
for example the gastrointestinal tract and cardiovascular system, that maintain a certain 
level of function even after elimination of intrinsic neural input.24 Whereas many other 
visceral functions are regulated involuntarily, micturition is under voluntary control and 
depends on learned behaviour that develops during maturation of the nervous system. 
Micturition also depends on the integration of autonomic and somatic efferent information 
within the lumbosacral spinal cord.24 This dependence of lower urinary tract function on 
complex central neural networks renders it susceptible to a variety of disorders of the 
nervous system. 
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1.3.1 Anatomy of the lower urinary tract 
The bladder is a hollow muscular organ lined by a mucous membrane and covered by 
peritoneal serosa, in part by fascia Three muscular layers have been described. The 
smooth muscle fibers of the outer layer run longitudinally, those of the middle layer in a 
circular fashion, and those of the inner layer in a criss-cross arrangement23 This layering 
is only present around the bladder outlet In the remaining part there is no layering and 
smooth muscles run freely from one coat to another Based on difference on the 
innervation and responses to pharmacological agents, the bladder was divided into two 
functional units: the body and the base 26 The body portion of the detrusor muscle lies 
above and the base lies below the level of the entrance of the ureters into the dorsal wall 
of the bladder26 Although the body and the base units of the detrusor are not separated by 
any identifiable anatomical or histological boundary, their existence as two separated 
physiopharmacologic units has been accepted " 
The longitudinal muscle layer of each distal ureter enters the bladder base and form the 
posterior part of the bladder wall, which is the trigone (Figure 1) The terminal 1-2 cm of 
the ureters entering the bladder wall are enclosed by an incomplete fibromuscular sleeve, 
which is called Waldeyer's sleeve It has been variously categorized as being of ureteric 
or detrusor origin n24 It remains to be determined whether this sleeve plays a part in 
preventing reflux into the juxtavesical segment of the ureter during detrusor contraction. 
The three muscular layers of the ureters are oriented in two layers· the inner and middle 
into the superficial trigone muscle and the outer in the deep trigone muscle.30 
An anatomic sphincter between the bladder and the urethra has not been identified 
However, radiographic studies and measurements of urethral pressure indicate the 
existence of a physiologic internal sphincter that maintains urinary continence by closure 
of the bladder neck and proximal urethra 24 
The bladder base is formed by ventral and dorsal longitudinal bundles which originate in 
the smooth muscle layers in the detrusor body, and end in the bladder neck The middle 
muscle layer in the bladder base is arranged into a circular structure ending in the bladder 
neck The inner muscular layer is arranged into bundles which enter the urethrovesical 
junction, creating the inner layer of the urethra.31 In the male bladder neck, the smooth 
muscles form a complete circular collar which distally surrounds the pre-prostatic portion 
of the urethra Distally, the bladder neck muscles merge with, and become 
indistinguishable from, the musculature in the stroma and capsule of the prostate gland. In 
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Figure 1: The normal uretero-vesico-trigonal complex (From Tanagho, E.A., and Pugh, R.C.B.: 
Br. J. Urol., 35: 151, 1963, with permission). 
the female bladder neck, the majority of the muscle bundles extend obliquely or 
longitudinally into the urethral wall. 
The female urethra is 4 cm long and 0.6 cm wide and located anterior to the vagina. The 
urethral musculature consists of two coats, an inner longitudinal coat and an outer 
semicircular coat. The inner coat is the direct continuation of the inner longitudinal 
muscular layer of the bladder. The outer coat consists of fibers looping around the urethra 
and returning back to the bladder.12 In the male prostatic urethra which is 4-5.5 cm long, 
this muscular arrangement is only localized in the proximal part of the urethra. The 
external sphincter mechanism is located in the membranous urethra. In the female 
urethra, the external urethral sphincter is located in the middle third of the urethra. 
In the external urethral sphincter 2 components are distinguished, an intrinsic and an 
extrinsic element. The intrinsic part consists of a rhabdosphincter surrounding the circular 
arranged smooth muscle fibers of the membranous urethra. The extrinsic component is 
derived from the levator ani and pelvic floor muscles, and forms a periurethral sling." 
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1.3.2 Neuroanatomy and physiology of the lower urinary tract 
The storage and evacuation function of the lower urinary tract depends upon the 
integrated activity of central as well as peripheral neural structures 
Central innervation 
The region of the cerebral hemispheres concerned with bladder motor innervation consists 
of the superomedial portion of the frontal lobes and the genu of the corpus callosum 
(Figure 2) Axons, which originate from neurons in this region, traverse the basal ganglia 
and terminate in the pontine mesencephalic reticular formation Electrical stimulation of 
this area in animal experiments may cause either facilitation or inhibition of detrusor 
muscle contraction M The cerebrocortical areas, which are concerned with innervation of 
the periurethral striated musculature, are located in the medial part of the sensorimotor 
cortex Axons originating from this region, pass through the internal capsule and the 
cerebral peduncles in the brainstem, and continue in the lateral columns of the spinal cord 
in the lateral retículo spinal tracts Axons from receptors located in the detrusor muscle 
and in the periurethral stnated muscle ascend eventually in both the detrusor portion of 
the frontal lobes and the pudendal portion of the sensory motor cortex 
The basal ganglia are located in the mid brain (Figure 2) It has been suggested that these 
ganglia play a role in the inhibition of spontaneous detrusor reflex contractions as can be 
seen in patients with basal ganglia dysfunction 35 Patients with Parkinson's disease often 
suffer from detrusor hyperreflexia 
The influence of the thalamus and hypothalamus on the lower urinary tract is still 
unknown, but there is evidence that they are involved in the control of micturition and 
defecation by the autonomic nervous system 35 The role of the limbic system, located in 
the temporal lobes, is also not clarified It is suggested that it inhibits and facilitates 
bladder activity, depending on the specific stimulated area 3S 
The cerebellum serves as a modulator of neural activities that are initiated in other parts 
of the central nervous system (Figure 2) It receives sensory input from the bladder and 
the pelvic floor musculature Its efferent functions include maintenance of tone in the 
pelvic floor stnated musculature, influence on the rate, range and force of bladder and 
pelvic floor contractions and influence on the coordination between bladder contraction 
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Figure 2· The pontine detrusor nucleus and its connections (From Hald, T. and Bradley, W.: 
The Urinary Bladder. Neurology and Dynamics. Baltimore. Williams & Wilkens, chapt. 2, p. 9, 
1982., with permission) 
and periurethral striated muscle contraction. Ablation of the cerebellum in animal 
experiments produces detrusor hyperreflexia.36 
The neurons of the pontine-mesencephalic grey matter, located in the brain stem, contain 
the nuclei that are the origin of the final common pathway to the bladder motor neurons 
(Figure 2).3537 Input to this area is derived from the cerebellum, the basal ganglia, the 
thalamus, the hypothalamus and the cerebral cortex. Destruction of this center causes a 
permanent disturbance of bladder emptying.38 
The micturition center in the spinal cord is located in the sacral spinal cord segments S2, 
S3, and S4, which is at the vertebral levels Th,2 to L,.36 Preganglionic neurons of the 
parasympathetic nervous system have been identified in the intermediolateral region in the 
spinal cord in various species.3940 These neurons are connected with the lateral and dorsal 
lateral funiculus, the ventral autonomic nucleus and horizontally into the medial dorsal 
grey matter. Moreover, the preganglionic neurons are connected to an extensive collateral 
nervous system, projecting bilaterally to various regions of the dorsal and ventral homs. 
It has been speculated that this intemeuron system modulates the activity of the sacral 
somatic neurons.24 The somatic motoneurons innervating the external urethral sphincter 
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originate from Onufs nucleus, located in the ventrolateral sacral spinal grey matter. The 
general distribution of connections is similar for sphincter motoneurons and preganglionic 
neurons.3940 
The sympathetic preganglionic neurons are located in the intermediolateral region of the 
gray matter from Th,, to L, 
Ascending sensory information from the lower urinary tract travel via three sets of 
nerves. Afferent nerve fibers that pass in the pelvic nerves, enter in the dorsal horn and 
send collaterals laterally and medially around the dorsal horn. Afferent nerve fibers that 
pass in the sympathetic nerves have the same organization at the upper lumbar level as 
the afferent nerve fibers in the pelvic nerves. The afferent sensory information travel in 
the postenor columns, the spinothalamic or the spinoreticular tracts. Pudendal afferent 
nerve fibers from internal tissues such as the urethra and the urethral sphincters, exhibit a 
similar pattern of termination in the spinal cord, whereas pudendal afférents from 
cutaneous receptors project deeper in the dorsal horn. They ascend in the same tracts as 
the afférents passing through the hypogastric and pelvic nerves.23 
Peripheral innervation: 
The pelvic and hypogastric nerves supply the parasympathetic and sympathetic innervation 
of the bladder and the urethra. Both convey afferent sensory fibers from the bladder and 
urethra to the spinal cord (Figure 3). The sacral parasympathetic outflow from the sacral 
spinal cord segments S2 to S4, emerges as preganglionic fibers in the ventral nerve roots 
and continues deep in the pelvis on each side of the rectum as three or four trunks. The 
sympathetic efferent preganglionic fibers from T n to Ц , emerge in the ventral nerve roots 
and traverse the lumbar sympathetic paravertebral ganglia. Branches of these ganglia 
build up the superior hypogastric plexus, which is located anterior to the aorta. It divides 
into right and left hypogastric nerves. At variable distance from the bladder and the 
urethra, the hypogastric and pelvic nerves join and build up the pelvic plexus. The pelvic 
plexus is located lateral to the rectum and lower urinary tract. Branches from this plexus 
innervate the pelvic organs. Somatic efferent pathways from S2 to S4 innervate the 
external urethral sphincter and pelvic floor muscles, emerge in the ventral nerve roots and 
form the pudendal nerves (Figure 3). The pudendal nerves lie on the coccygeus muscle 
and runs caudally into the ischiorectal fossa through Alcock's canal. Further distally, the 
pudendal nerves split into several motor and sensory fibers.32 
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Figure 3: The peripheral innervation of the lower uro-genital tract. В = bulbourethral gland; BL 
= urinary bladder; CP = celiac plexus; DNP = dorsal nerve of penis; HGN = hypogastric 
nerve; IMP = inferior mesenteric nerve; IRN = inferior rectal nerve; L, = first lumbar root; Ρ = 
prostate; PEL = pelvic nerves; PN = perineal nerve; PP = pelvic plexus; PUD = pudendal 
nerve; S, = first sacral root; SN = sciatic nerve; SHP = superior hypogastic plexus; SV = 
seminal vesicle; TB = ninth thoracic root; U = ureter; VAS = vas deferens. (From de Groat, 
W.C., Booth, A.M.: Autonomic systems to bladder and sex organs. In Dyck, P.J., Thomas, P.K., 
Griffin, J.W. et al (eds.): Peripheral neuropathy, ed. 3. Philidelphia, W.B. Saunders, p. 200, 
1993, with permission) 
Postganglionic parasympathetic fibers release acetylcholine as a neurotransmitter. 
Exogenous acetylcholine causes a contraction of bladder smooth muscle.24 Cholinergic 
receptor sites are present in great number in the bladder body and the deep trigonal 
muscle. Sympathetic postganglionic nerves, that release norepinephrine provide an 
excitatory input to the smooth muscle of the urethra and the bladder base (α-adrenergic 
receptors), and an inhibitatory input to the smooth muscle of the bladder body (ß-
adrenergic receptors).24 The human detrusor body and the deep trigonal muscle contains 
only a few adrenergic receptor sites, whereas the superficial trigonal muscle and the 
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bladder base possesses abundant adrenergic receptors In the male bladder neck and 
urethra both cholinergic and adrenergic receptors are found, whereas in the female 
bladder neck and urethra relatively few adrenergic receptors are present.41 
In addition to cholinergic and adrenergic innervation, a third compound in the autonomic 
innervation of the lower urinary tract is described in animals as well in humans, which is 
non-cholinergic non-adrenergic. This group of neurotransmitters including, neuropeptide 
Y, vasoactive intestinal polypeptide and substance Ρ has been claimed to be the 
peptidergic component of the innervation to the lower urinary tract. Its exact influence in 
the lower urinary tract innervation remains to be elucidated.4142 
1.3.3 Micturition and continence 
Barrington was the first to suggest a supraspinal influence on the micturition reflex.567 
Bradley suggested the existence of a pontine mesencephalic micturition center.36 This was 
confirmed by the work of De Groat.37 Bradley distinguished 4 neurophysiology loops in 
the micturition reflex, and this concept has evolved over the years. Successful integration 
of the micturition reflex requires a balanced contribution of all loops. 
Loop 1 consists of neuronal connections between the specific areas of the frontal lobes of 
the cerebral cortex and the micturition center in the pontine mesencephalic reticular 
formation This loop coordinates voluntary control of the detrusor reflex. During infancy 
this loop matures and guarantees voluntary control over the micturition reflex. 
Loop 2 consist of the afferent nerve fibers from the bladder intraspinal detrusor muscle to 
the brainstem micturition center and the motor impulses from this center to the detrusor 
motor neurons in the sacral grey matter Since the peripheral afferent and efferent 
pathways are not included, this is not a true "loop". The second loop is responsible for a 
detrusor reflex of adequate duration, and allows total evacuation of the bladder. Thus, 
spinal transsection results in detrusor areflexia and urinary retention, which correlates 
with the clinical "spinal shock phase" after spinal cord injury.43 
Loop 3 consists of the peripheral detrusor afferent axons and their pathways in the spinal 
cord that terminate by synapsing on pudendal motor neurons. These latter neurons 
innervate the urethral striated sphincter This loop is the neurological substrate through 
which impulses from the detrusor afferent nerves inhibit pudendal motor efferents, and 
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provide for relaxation of the striated sphincter dunng detrusor contraction Interruption of 
this loop may be responsible for detrusor sphincter dyssynergia or involuntary sphincter 
relaxation 
Loop 4 consists of two components Loop 4a consists of the suprasacral afferent and 
efferent innervation of the pudendal motor neurons to the urethral striated sphincter 
muscle and loop 4b consists of afferent fibers from the urethral striated sphincter muscle 
that synapse on pudendal motor neurons The latter loop provides the sensory input that 
anses from muscle spindles and tendon organs in the pelvic floor musculature, necessary 
to enhance the tone in the periurethral sphincter muscle dunng bladder filling Loop 4a 
enables the voluntary control of the stnated sphincter 
De Groat stressed the importance of the sympathetic nervous system in the modulation of 
the storage of urine in the bladder " Although many authors have published on this 
subject, the exact function of the sympathetic nervous control in lower unnary tract 
function remains to be clanfied ** 
1.4 Diagnostic approach to investigate the lower urinary tract function 
Based on the complexity of the anatomy, central and peripheral innervation of the lower 
urinary tract and the physiology of micturition and continence, the cause of voiding 
dysfunctions can be expected at many levels Table 1 lists some of the disorders that are 
frequently associated with lower urinary tract dysfunction 
The approach of patients with the suspicion of neurogenic voiding dysfunction, regardless 
etiology, includes the diagnostic procedure outlined in table 2 
History 
A thorough history including patient's lifelong voiding pattern through childhood, 
adolescence, and adulthood is essential A micturition diary is warranted to elucidate the 
actual voiding pattern A possible neurogenic etiology can be considered if a voiding 
dysfunction coincides with other neurologic symptoms, such as visual disturbance, motor 
weakness, gait abnormality or sensory disturbances Any history of unnary tract 
infections, calculi, urologie or pelvic surgery is important, as is the presence of known 
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neurological disease or diseases with possible neurologic sequelae. A family history of 
neurologic or metabolic abnormalities should be noted as well. 
Table 1. Disorders associated wi th voiding dysfunction 
Central nervous system disorders Multiple sclerosis 
(Traumatic) spinal cord lesion 
Parkinson disease 
Amytrophic lateral sclerosis 
Brown-Sequard syndrome 
Tethered spinal cord 
(Occult) spinal dysraphism 
Peripheral nervous system disorders 
Idiopathic voiding disorders 
Traumatic Prostatectomy 
Proctocolectomy 
Hysterectomy 
Irradiation therapy 
Traumatic pelvic injury 
Vaginal childbirth 
Metabolic Diabetes Mellitus 
Alcoholic polyneuropathy 
Vitamin deficiencies 
Acquired Prolapsed intervertebral disc 
Detrusor instability 
Urinary retention 
Genuine Stress incontinence 
Interstitial cysti t is 
Prostatitis 
Urgency-frequency syndrome 
Enuresis nocturna 
Physical examination: 
A general physical examination is nonspecific but can provide conformation of the 
presence and degree of voiding dysfunction. Scars may indicate evidence of previous 
surgical procedures or external trauma which were not mentioned by the patient. Muffle 
percution in the lower abdomen may indicate a full bladder. Special interest should be 
paid on the investigation of the spine and some cutaneous manifestations, such as hair 
growth at the lower back or abnormal pigment spots (café au lait). Balanitis can be a 
manifestation of diabetis mellitus and anatomical malformation of the external genitalia 
may coinside with internal urinary tract malformations. 
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Table 2. The neuro-urologie eva lua t ion" 
History 
Physical examination - general 
- neurological 
Urine bacteriologie studies 
Radiologic evaluation of upper and lower tracts 
Urodynamic evaluation 
Neurourophysiological investigation (NUPHI) 
Endoscopic evaluation 
Renal funct ion studies 
The neurological examination by the urologist makes it possible to identify signs of 
neurologic lesions. Especially, since some patients with a neurologic disease come 
initially to the urologist, the neuro-urological examination is important in every patient 
with voiding dysfunctions. A neurologist should be referred to, when new or unexpected 
neurological signs are found. 
In the neuro-urological evaluation of patients with lower urinary tract dysfunctions, 
special attention must be given to sacral reflexes. They provide assessment of the sacral 
spinal cord segments. The external anal sphincter may be representative of the perineal 
striated muscles. The tone of the sphincter can be examined with digital rectal 
examination. Stimulation of the perianal skin will produce external sphincter contraction 
(anal-skin reflex). Squeezing of the glans penis or clitoris will produce a contraction of 
the anal sphincter as well, known as the bulbocavernosus reflex. Absence of any of these 
former reflexes is indicative of a segmental or peripheral nerve lesion at the level of the 
sacral spinal cord. 
The existence of pyramidal tract disease is suspected when hyperreflexic muscle stretch 
reflexes or pathologic extensor-plantar reflexes are found. Pyramidal tract disease is often 
associated with hyperreflexic bladder dysfunction. 
Urine bacteriologie studies: 
Urine bacteriologie studies are a vital part of the investigation since urinary infection can 
cause or worsen all of the symptoms of failure to storage in patients with lower urinary 
tract dysfunctions. 
21 
Radiologic evaluation of upper and lower tracts 
Ultrasound investigation of lower and upper urinary tract, intravenous urography, and 
voiding cystourethrography will give information on anatomical or functional 
abnormalities, such as localization and degree of obstruction, vesico-ureteral reflux, 
bladder morphology or kidney parenchyma abnormalities 
Urodynamic evaluation 
Urodynamic evaluation consists of methods designed to provide quantitative data on the 
two main functions of the lower urinary tract, that is storage and emptying of unne The 
International Continence Society (ICS) established a committee for the standardization of 
terminology for urodynamic investigations carried out in humans47 A urodynamic 
investigation can be divided in three parts 1 cystometry, 2 urethral pressure profile, and 
3 pressure flow measurements 
1 Cystometry is a method for controlled inflation of the urinary bladder with fluid or gas 
and simultaneous recording of intravesical pressure Cystometnc procedures can be 
divided based upon the filling medium employed, route of administration, posture during 
the procedure, and whether cystometry is performed simultaneously with sphincter 
electromyography Cystometry can indicate a variety of dysfunctions of the bladder, such 
as detrusor overactivity, abnormal bladder sensation, abnormal bladder capacity or 
abnormal bladder compliance 
2 The urethral pressure profile has been introduced as a method of recording segmental 
urethral pressures from the urethrovesical junction to the external meatus The 
information gained from this measurement is of limited value in the assessment of voiding 
dysfunctions 
3 Pressure-flow measurements are a way of integrating the activity of the bladder and the 
outlet during the emptying phase of micturition Pressure-flow measurements can indicate 
underactivity or acontractility of the bladder or functional or anatomical obstruction at the 
level of the urethra 
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Neurourophysiological investigation (NUPHI) 
Neurourophysiological investigation consists of neurophysiologies tests that provide 
assessment of the main nervous tracts and peripheral nerves involved in the function of 
the lower urinary tract4! These tests can be useful in the determination of the localization 
of the nervous system abnormality and can be used in evaluation of the course of a 
nervous disease However, an abnormal finding in a patient without other signs of a 
neurological disease must be explained with care 
Endoscopic evaluation 
Endoscopy of the lower urinary tract provides direct observation of primary and 
secondary bladder and urethral anatomic pathology, to exclude other causes of lower 
urinary tract dysfunction 
Renal function studies 
A test for the assessement of the kidney function, is the determination of creatinine 
clearance based on a 24-hours collection of urine Using serum creatinine alone, will 
overestimate the renal function in patients with decreased actin-myosin metabolism such 
as wheelchair bound or bedridden patients46 Scintigraphic examinations can measure renal 
function as well, and will also provide information on the out flow of the kidney 
1.5 Scientific areas of interest for neuro-urology 
The knowledge of the anatomy, innervation, and physiology of the lower urinary tract as 
well as the investigatory and therapeutic options for neuro-urological related diseases has 
increased the last decades by research efforts of many investigators Actual research in 
neuro urology deals with different fields, which are all related to the former mentioned 
subjects 
Even in the field of anatomy of the lower urinary tract, there is still controversy One of 
the items that is still a matter of discussion is whether Waldeyer's sheath is of urethral or 
detrusor origin 28 29 More precise knowledge on this subject would help to clarify the 
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mechanism of preventing urethral reflux during detrusor contraction in the normal 
situation, and the occurrence of vesicoureteral reflux in children or in neurogenic lower 
urinary tract dysfunction *"50 
Another controversial topic is the exact nerve supply of the external urethral sphincter 
Some authors state that it is innervated by a combination of sympathetic, parasympathetic 
and somatic elements51 although others claim that the striated sphincter is solely 
innervated by the somatic nervous system " The controversy on the role of the 
sympathetic nervous system in the lower urinary tract has been mentioned already on 
page 15 It has been suggested that the sympathetic nervous system facilitates micturition 
by a direct action on urethral smooth muscle contraction and indirect action on the 
parasympathetic innervation of the bladder3744 In contrast, other authors claimed that it 
plays only a minor role in the innervation of the lower urinary tract " 
Another area of interest is the exact nerve fiber composition of the pelvic and pudendal 
nerves " This scientific interest serves two main goals basic knowledge on the 
innervation of the lower urinary tract and information on the diameter of specific fibers 
and Iheir diameter distribution The latter is of practical importance in the restoration of 
the lower urinary tract function through electrical stimulation 
Many researchers are active in the field of physiology of the lower urinary tract Main 
target of interest is to collect information on the function and location of neurotransmitters 
гпа receptor sites The role of a adrenergic receptors in the prostate has been extensively 
investigated in benign prostatic hyperplasia S4 " The ultimate goal of this research is to 
find pharmacological agents which can inhibit the activity of the smooth muscle in the 
prostatic gland without side effects This research is also relevant in neurogenic lower 
urinary tract dysfunction, for example in the treatment of detrusor-smooth muscle 
dyssynergia Other researchers have studied the influence of the non-cholinergic non-
adrenergic neurotransmittersil ™ " This large group of so called peptidergic 
neurotransmitters is found on many locations in the lower urinary tract Clarification of 
the role of these neurotransmitters serves the knowledge on basic physiology of the lower 
urinary tract and will eventually lead to more therapeutic modalities in patients with 
voiding dysfunctions 
Another issue in the field of physiology research is the contractile capacity of the bladder 
smooth muscle Voiding dysfunctions are often associated with a decrease in bladder 
smooth muscle contractility Research has focused on the energy supply of the smooth 
muscle cell and the range of changes in energy supply ot the smooth muscle cell in 
neurogenic voiding dysfunctions s* w 
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Techniques lo investígate neurogenic voiding dysfunctions have been studied extensively 
during the past Still this is the subject of much research in neuro-urology The value of 
urethral pressure measurements and of ambulatory intravesical pressure measurements 
will increase in neurogenic and non-neurogenic voiding dysfunctions with the use of new 
urodynamic investigatory techniques 6U6",261W The knowledge of the pathophysiology of 
voiding dysfunctions will be increased by new neurophysiology] techniques, such as 
magnetic stimulation of peripheral and central nervous structures6'* M or measurement of 
sympathetic skin responses67 Research on the relation of well known neurophysiological 
techniques with neurological diseases like multiple sclerosis68 or spinal cord injury,697071 
will increase knowledge on the pathophysiology as well 
Finally, another important field in neuro-urology is the search for new treatment 
modalities In the case of neurogenic voiding dysfunctions, some investigators have tried 
to restore the lower urinary tract function in spinal cord injured patients by means of 
electrical stimulation of nerves72737'17'' Many problems have to be solved yet, such as 
elimination of stimulation induced detrusor sphincter dyssynergia, the optimal 
configuration of electrodes around nerves, corrosion of electrode material, damage to 
nerves by long-term stimulation and surgical access to nerves Others have studied the 
effect of surgery in the spinal cord injured patient such as sphincterotomy76 or 
augmentation cystoplasty 77 Some authors have tried to influence the changed lower 
urinary tract function with less invasive means, such as by bladder training,78 by 
pharmacological therapy79 or by intermittent self catheterization 80 In patients with non-
neurogenic bladder dysfunction, surgery,71 pharmacological therapy 82 and also electrical 
stimulation techniques8'84 are subject of further investigation 
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Chapter 2 
AIM OF THE STUDY 
The aim of this thesis is to determine the value and role of investigatory procedures and 
therapeutic modalities in neurogenic lower unnary tract dysfunction in patients and to 
investigate the applicability of new treatment modalities for neurogenic lower unnary tract 
dysfunction in animal models 
One of the important neurologic diseases in neuro-urology is multiple sclerosis Multiple 
sclerosis indeed affects the function of the lower unnary tract at a certain stage during the 
course of the disease in most of the patients Literature regarding the typical lower 
unnary tract dysfunction in multiple sclerosis descnbes mainly patients with an advanced 
state of the disease In chapter 3, a large group of multiple sclerosis patients with an 
initial and advanced state of the disease will be presented, all having had a thorough 
urological and neurological investigation In this study the relation will be descnbed 
between lower urinary tract abnormalities and disease related parameters of multiple 
sclerosis 
Spinal cord injury is another disorder which is frequently encountered by the neuro-
urologist All patients with complete supra sacral spinal cord injury are suffenng from 
lower unnary tract dysfunction A variety of diagnostic procedures can elucidate the 
severity and kind of bladder dysfunction in these patients In chapter 4 the role of 
neurourophysiological tests in the diagnostic work-up of patients with complete spinal 
cord injury will be investigated The type of bladder function after the spinal shock phase, 
determines the therapeutic plan However, the therapeutic plan in spinal cord injured 
patients is various and extensive Many patients cannot be treated successfully with the 
actual conservative or surgical treatment options 
In chapter 5 a new surgical treatment option will be presented, that provides spinal cord 
injured patients renewed control of bladder evacuation This treatment option consists of a 
combination of rhizotomies of sacral posterior nerve roots and electncal stimulation of 
sacral anterior nerves roots In patients with spinal cord injury, surgical treatment with 
posterior rhizotomies has a tremendous influence on the compliance of the bladder A 
detailed study of its effect will be presented in chapter 6 
The surgical treatment option described in chapter 5 is successful in selected patients only 
and therefore, a new method of electrical nerve stimulation is developed that must enable 
use in a larger group of spinal cord injured patients This new electncal stimulation 
method is first studied in an animal model, and the results will be presented in chapter 7 
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Chronic electrical nerve stimulation, such as sacral foramen stimulation also called 
neuromodulation, can be helpful in neurogenic or non-neurogenic lower unnary tract 
dysfunction Unfortunately, little attention is paid on the factors influencing the result of 
this treatment. In chapter 8 an effort is made in to find predictors of success for 
neuromodulation. 
Continuous chronic electrical nerve stimulation can be helpful in some patients with 
unstable detrusor contractions The quality of nerve stimulation would improve, if only at 
the initiation of an unstable detrusor contractions nerve stimulation starts. At that single 
moment the stimulator needs information about the detrusor contraction. Pressure sensors 
in the bladder wall could provide this information In chapter 9 the possibility of placing 
bladder sensors on or in the bladder wall is investigated and will be presented. 
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Chapter 3 
RELATION BETWEEN LOWER URINARY TRACT 
ABNORMALITIES AND DISEASE RELATED 
PARAMETERS IN MULTIPLE SCLEROSIS 
Evert L. Koldewijn, Otto R. Homines, Wim A.J.G. Lemmens 
Philip E.V. Van Kerrebroeck, Frans M.J. Debruyne 
Submitted for publication 
ABSTRACT 
Multiple sclerosis affects the lower urinary tract m many patients The relation between 
lower urinary tract abnormalities and disease related parameters of multiple sclerosis is 
not well described In the present study 212 patients were urologically and neurologically 
screened according to a standard protocol Micturition complaints were noted in 52 % of 
the patients, urodynamic abnormalities in 64% A statistical correlation was found 
between detrusor hyperactivity and detrusor hypoactivity with disease related parameters, 
ι e disease duration, disability status, myelin basic protein concentration in the 
cerebrospinal fluid and neurophysiological investigations No relation was found between 
detrusor hypersensibility or detrusor hyposensibility and the former mentioned disease 
related parameters In 1 parient, upper urinary tract abnormalities were found in 
combination with urodynamic abnormalities We conclude that lower urinary tract 
abnormalities can be found in every patient with multiple sclerosis unrelated the state of 
the disease Upper urinary tract abnormalities are rarely noted 
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INTRODUCTION 
Multiple sclerosis is a disease in which most of the pathological and clinical features can 
be related to the destruction and loss of a single type of cell, the myelin-producing 
oligodendrocyte ' This results in reduction of nerve conduction in the central nervous 
system and in varying neurologic abnormalities, which tend to remit and exacerbate over 
time 2 Among the many different signs and symptoms of multiple sclerosis, dysfunction of 
the lower urinary tract is frequently found The incidence is about 96% in patients with a 
disease duration over 10 years,345 but even in patients with a short disease duration 
without micturition complaints, 52% had lower urinary tract dysfunction 6 Some authors 
reported on micturition complaints as being the sole initial symptom of multiple sclerosis 
in 2% of all patients,'7 others did not reproduce this finding 8 
The discrepancy between clinical manifestations and anatomic lesions in multiple sclerosis 
(MS) is well documented ' In case of micturition complaints, a poor correlation was 
found between symptoms and the underlying pathophysiology310 In most studies 
however, the urological abnormalities were not related to the seventy or state of disability 
of multiple sclerosis Only a few investigators studied this relation, by comparing 
urodynamic features with disease duration, physical examination, neurophysiology or 
disability status , s l " l 2 l 1 " l i The number of patients in these latter studies were small (24 
- 86 patients), except in the study by Bradley5, and nearly all patients had severe multiple 
sclerosis 
In the present study, a large group of patients with definite multiple sclerosis were 
evaluated All patients had a complete urological and neurological work-up We examined 
the relation between urological features and the disease activity, disease duration, 
expanded disability status scale and neurophysiological abnormalities of the multiple 
sclerosis patient in a group of 212 patients 
MATERIALS AND METHODS 
Between January 1989 and December 1992, 212 patients with confirmed diagnosis of 
multiple sclerose according to the criteria of Poser were evaluated 16 Mean age of the 139 
female patients was 35 9 years (SD 9 4 yrs, range 16 to 67 yrs ) and for the 73 males 
this was 38 9 years (SD 10 5 yrs, range 18 to 64 yrs ) 
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Neurological investigations were performed by one neurologist (O.R.H.). After thorough 
history and physical examination, patients disability was established according to Kurtzkes 
expanded disability states scale (EDSS).17 Based on this scale, patients were divided in 8 
groups (table 1). With the disease duration of all patients, 4 groups were made, bases on 
an equal distribution in each group (table 1). Cerebrospinal fluid (CSF) was investigated 
and the amount of myelin basic protein (MBP) is presented, since values of CSF-MBP are 
considered indicative for the demyelinating activity of the disease.27 CSF-MBP values 
smaller or equals 1,5 ¿¿g/L is considered normal. Three groups were formed: CSF-MBP 
group 1: MBP < 1,5 μg/L, CSF-MBP group 2: MBP > 1,5 /ig/L and < 3,0 /ig/L and 
CSF-MBP group 3: MBP > 3,0 μg/L (table 1). 
Table 1 Patient distribution 
Disease duration Number 
1 - 1 8 months 54 
1 9 - 4 8 months 51 
4 9 - 1 0 8 months 53 
109 - > months 54 
Expanded disability status scale 
EDSS - 1 25 
EDSS - 2 53 
EDSS - 3 46 
EDSS - 4 25 
EDSS-5 12 
EDSS - 6 19 
EDSS-7 27 
EDSS - 8 5 
Concentration of myelin basic protein in cerebrospinal fluid 
CSF-MBP 1 169 
CSF-MBP 2 21 
CSF-MBP 3 21 
Neurophysiological investigation 
NUPHI group 1 48 
NUPHI group 2 36 
NUPHI group 3 63 
NUPHI group 4 53 
Urological investigations consisted of history and physical examinations. Patient 
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complaints were classified into three categories Irritative complaints were classified as 
urgency, frequency, nocturia and pain, hesitation, obstructive complaints were classified 
as interrupted or weak urine flow and sensation of residual urine, urinary incontinence 
was classified as involuntary loss of urine In all patients urodynamic as well as neuro-
urophysiological investigations were performed Urodynamic investigation was performed 
according to the standards of the International Continence Society (ICS), except where 
specifically noted '8 Five days before the urodynamic investigation, the patient stopped 
using drugs that could influence bladder and unanry sphincter behaviour Urodynamic 
tests consisted of urethral pressure profile measurements and cystometry with water of 37 
°C and a filling rate of 35 ml/min through a 12 Fr silicone catheter with the patient in 
supine position Intra-vesical and abdominal pressures were measured with 6 Fr micro-tip 
transducer catheters (MTC', Drager), pelvic floor-electromyography (EMG) was 
recorded during cystometry with a bipolar wire electrode (Nicolet) in the anal sphincter or 
two surface electrodes (Hewlett Packard), attached in the vicinity of the anal sphincter 
During cystometry special attention was paid to first desire to void and maximal 
cystometnc capacity A first desire to void of 200 ml or more in combination with a 
maximum cystometnc capacity of 500 ml or more was considered pathological 
(hyposensitive) In contrast, a first desire to void of 50 ml or less was considered 
hypersensitive Involuntary detrusor contractions with a pressure rise of more than 15 
cmH20 during cystometry was considered as hyperactive At the end of the cystometry, a 
pressure-flow measurement was performed Residual urine was measured by means of 
catheterization before and after urodynamic investigation Measurements of residual unne 
more than 100 ml and a detrusor contraction with a maximal pressure rise of less than 50 
cmH20 and a maximum How < 12 ml/s were considered pathological (hypoactive) 
Involuntary contraction of the external sphincter (increased electromyographic activity) 
during a detrusor contraction was considered as detrusor external-sphincter dyssynergia 
(DSD) A residual urine of more than 100 ml in combination with a max flow < 12 
ml/s and a max detrusor contraction of more than 50 cmH20 and absence of DSD was 
considered as obstructive Upper urinary tract evaluation was performed by ultrasound of 
the kidneys or intravenous urography 
In every patient, cortical somatosensory evoked potentials (SSEP's) and sacral reflex 
latency measurements were obtained according to the technique earlier described " 
Somatosensory evoked potentials were obtained with bipolar stimulation (minimal 200 
stimuli) of posterior tibial nerve at the ankle of the right foot (ТЕР), and the dorsal penile 
or clitoral nerve (PEP) on the dorsum of the shaft of the penis or on the clitoris 
37 
To measure sacral reflex latencies, a concentric needle electrode was inserted in the right 
upper quadrant of the external anal sphincter muscle with the patient in lithotomy 
position The electromyographic (EMG) activity of the anal sphincter after insertion of the 
needle was used to adjust the needle position Two stimulation sites were used the 
pudendal nerve was stimulated at the penis or clitoris and the proximal urethra was 
stimulated through a special balloon catheter with two nngelectrodes, 10 and 20 mm from 
the base of the balloon The catheter was inserted into the bladder and retracted after 
filling the balloon, thus allowing for direct electrical stimulation of the mucosa of the 
proximal urethra The response obtained from the pudendal nerve was recorded as the 
bulbocavernosus reflex (BCR) and the one obtained from the proximal urethra as the 
urethro-anal reflex (UAR) From each reflex, at least 8 recordings were performed in 
each patient If the measurement of a sacral reflex latency (BCR or UAR) revealed a 
delayed or not obtainable response, the EMG-needle was relocated and the recording was 
repeated 
Distinction between normal and pathological outcomes of the neuro urophysiological 
investigations (NUPHI) was made by using the measurements gathered in healthy 
volunteers6 For the purpose of this study, 4 groups were formed out of the 
neurophysiological results NUPHI-group 1 normal PEP and sacral reflex latencies, 
group 2 normal PEP and abnormal normal sacral reflex latencies, indicating 
abnormalities at the level of the conus medullans, group 3 abnormal PEP and normal 
sacral reflex latencies, indicating suprasacral abnormalities, group 4 abnormal PEP and 
sacral reflex latencies, indicating both suprasacral and abnormalities at the level of the 
conus medullans (table 1) 
For statistical analysis, Chi-square tests and the Kruskal-Wallis test was used to compare 
the data for significant difference between different groups For pair wise comparisons, 
Wilcoxon two sample test was used Test results were considered statistically significant if 
Ρ values were < 0,05 
RESULTS 
The mean disease duration was 78 3 months (SD 83 2, range 2-528) For males this 
figure was 77 8 months and for females 78 6 months Table 1 summarizes the distribution 
in the groups of the multiple sclerosis classification parameters disease duration, disability 
status, CSF-MBP concentration and neurophysiological results. Gender differences 
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between the groups of former mentioned classification parameters were not significant 
related. 
Out of the 212 patients, 111 patients had micturition complaints (table 2). In male patients 
obstructive complaints were more frequently found than in females but for incontinence 
complaints this was found vice versa. Irritative complaints were equally found among the 
sexes. Recurrent urinary tract infections were noted in 25 patients. 
Table 2- Mictur i t ion complaints 
abnormal 
irritative 
obstructive 
incontinence 
The urodynamic investigation was abnormal in 136 patients. Table 3 summarizes the 
distribution of the urodynamic abnormalities that were found. Gender differences were 
remarkable: hypersensibility, hyposensibility and hypoactivity was more frequently found 
in females than in males. Hyperactivity, DSD and obstruction were more frequently found 
Table 3: Urodynamic investigation 
η 
111 
81 
58 
55 
(%) 
(52) 
(38) 
(27) 
(26) 
M 
42 
27 
28 
15 
(%) 
(58) 
(37) 
(38) 
(21) 
F 
69 
54 
30 
40 
(%) 
(50) 
(39) 
(22) 
(29) 
abnormal 
detrusor hypersensibility 
detrusor hyposensibility 
detrusor hyperactivity 
detrusor hypoactivity 
DSD 
obstructive 
η 
136 
16 
43 
72 
32 
27 
10 
(%) 
(64) 
(8) 
(20) 
(34) 
(8) 
(13) 
(5) 
M 
51 
3 
13 
33 
9 
12 
6 
(%) 
(70) 
(4) 
(18) 
(45) 
(12) 
(16) 
(8) 
F 
85 
13 
30 
39 
23 
15 
4 
(%) 
(61) 
(9) 
(22) 
(28) 
(17) 
(11) 
(3) 
in males. In 2 patients (0.9%) dilatation of the upper urinary tract was found. In patients 
without micturition complaints, 51% had an abnormal urodynamic investigation. For 
patients with both irritative, obstructive and incontinence complaints this was 81%. 
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Neuro-urophysiological investigations (NUPHI) was performed in all, but in 12 patients at 
least one of the tests could not be performed because of technical or patient related 
problems. Of the remaining 200 patients, in 43 (22%) all tests were normal. The PEP 
was abnormal in 58% of the patients. The ТЕР was abnormal in 46% of the patients. In 
36 (17%) patients a normal ТЕР was found in combination with an abnormal PEP and in 
10 (5%) patients an abnormal ТЕР was registered in combination with a normal PEP. In 
the latter patients multiple sclerosis in combination with polyneuropathy was found. The 
BCR was abnormal in 31% and the UAR was abnormal in 37% of the patients. 
Disease duration: Table 4 shows that disease duration is not related to the urologie 
complaints. The same is true for some of the urodynamic abnormalities (figure 1). 
Hyposensibihty and DSD are not related to disease duration. Hypersensibility, 
hyperactivity and hyperactivity are related to disease duration. 
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90 
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50 
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40 
30 
20 
10 
0 D_ n. ι 
1 1 8 19-48 49-108 109 > 
disease duration (months) 
HBS I I HOS ' '• • I HRA KQVXt COM I -'• ' HOA I I DSD 
Figure 1: Relation between urodynamic abnormalities and disease duration. HRS 
hypersensibil ity ρ = 0 0 2 , HOS hyposensibihty ρ = 0 . 3 0 ; HRA: Hyperactivity ρ = 0.001 
COM combinat ion of hyperactivity and hypoactiv i ty; HOA. hypoactiv i ty ρ = 0 0 0 7 ; DSD 
detrusor-sphmcter dyssynergia ρ = 0.02 
Disability status: Table 4 shows that urologie complaints are well related to the expanded 
disability status scale. In case of urodynamic abnormalities only hyperactivity, 
hypoactivity and DSD were statistically significant (figure 2). 
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Table 4 Mictur i t ion complaints and disease related parameters 
Micturit ion complaints and disease duration 
1-18 19-48 4 9 - 1 0 8 1 0 9 - > 
Micturit ion complaints and extended disability status score 
Micturit ion complaints and CSF-MBP analysis 
1 2 
irritative 
obstructive 
incontinence 
38 
24 
24 
33 
33 
29 
38 
47 
38 
Micturit ion complaints and neurophysiological investigation 
1 2 3 
p-value 
irritative 
obstructive 
incontinence 
30 
17 
17 
31 
31 
24 
40 
25 
34 
52 
35 
30 
0.07 
0.11 
0 19 
p-value 
irritative 
obstructive 
incontinence 
16 
16 
8 
15 
32 
21 
22 
24 
11 
32 
48 
20 
42 
75 
58 
26 
58 
32 
52 
52 
59 
80 
60 
60 
0.001' 
0 002' 
0 0 0 1 ' 
p-value 
0 . 9 0 
0 . 0 6 " 
0 . 3 4 
p-value 
irritative 
obstructive 
incontinence 
25 
13 
2 
36 
14 
28 
52 
44 
41 
40 
30 
32 
0.03' 
0.001' 
0.001' 
ρ s 0 .05 
ρ <. О 0 6 , nearly statistical significant 
CSF-MBP: Table 4 shows that only obstructive urological complaints are nearly 
statistically related to the CSF-MBP parameters. For the urodynamic abnormalities, only 
hyperactivity and DSD are statistically related (figure 3). Hypersensibility, hyposensibility 
and hypoactivity are not statistically related. 
NUPHI: Table 4 shows that urological complaints are statistically related to the outcome 
of neurophysiogical investigation. From the urodynamic abnormalities hyperactivity, 
hypoactivity and DSD are statistically related with the NUPHI outcome (figure 4). 
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Figure 2 Relation between urodynamic abnormalities and expanded disability status scale HRS 
hypersensibihty ρ = 0 15, HOS hyposensibil ity ρ = 0 10, HRA Hyperactivity ρ = 0 0 0 0 1 , 
COM combination of hyperactivity and hypoactivity, HOA hypoactiv i ty ρ = 0 0 0 0 1 , DSD 
detrusor-sphmcter dyssynergia ρ = 0 001 
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Figure 3 Relation between urodynamic abnormalities and CSF-MBP analysis HRS 
hypersensibihty ρ = 0 71 HOS hyposensibil ity ρ = 0 3 1 , HRA Hyperactivity ρ = 0 0 1 , COM 
combination of hyperactivity and hypoactiv i ty, HOA hypoactiv ity ρ = 0 6 1 , DSD detrusor-
sphmcter dyssynergia ρ - 0 05 HRA/COM/HOA 0 0 0 5 , DSD 0 0 5 6 
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Figure 4: Relation between urodynamic abnormalities and neurophysiological investigation HRS: 
hypersensibihty ρ = 0 . 8 8 ; HOS: hyposensibihty ρ = 0 . 7 1 ; HRA: Hyperactivity ρ = 0 . 0 0 0 1 ; 
COM combination of hyperactiv i ty and hypoactiv i ty, HOA hypoactiv i ty ρ = 0 . 0 0 7 ; DSD: 
detrusor-sphincter dyssynergia ρ = 0 0 0 2 
Obstruction as urodynamic abnormality was not statistically related to any of the multiple 
sclerosis parameters. Forty-two patients had residual urine of more than 100 ml. after 
voiding, from whom 9 did not have micturition complaints. The amount of residual urine 
after voiding ranged from 100 to 800 ml. Of the patients with residual urine, 11 were not 
classified as having a hypoactive urodynamic abnormality. 
DISCUSSION 
Multiple sclerosis is the most recurrent invalidating progressive neurological disease in 
young adults. The risk of developing multiple sclerosis increases as one goes further from 
the Equator in both the northern and southern hemisphere.20 The prevalence in the USA is 
41 per 100.000 and in the Netherlands 60-80 per lOO.OOO.2021 Neurologists are mainly 
responsible for the treatment of MS-patients, but in case of urological complaints or 
abnormalities the help of an urologist will be inevitable. Since 1989, patients with MS 
admitted to the department of neurology were also screened in the neuro-urological unit. 
This provided epidemiological data of urological abnormalities in this group of patients 
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which enables us to study the relation between different clinical and other related 
parameters of MS and urological parameters. 
The patients in our group represent a cross-section through the population of multiple 
sclerosis patients seen in a multiple sclerosis clinic of a university hospital Micturition 
complaints were found in 52% of the patients Irritative complaints were more frequently 
found than incontinence and obstructive complaints This finding is in concordance with 
reports from others 3 , м и Micturition complaints were not statistically related to disease 
duration This finding was also reported by Miller et al 7, but Awad et al reported a 
positive relation between disease duration and complaints " Our finding indicates that 
MS patients with a short disease duration can suffer from serious micturition problems. 
Micturition complaints on the other hand were related to the disability status This was 
reported by others as well 7* " More than half of the patients with a Kurtzke score above 
4 suffered from irritative and incontinence complaints However, irritative and 
incontinence complaints did not correlate with the CSF-MBP analysis Obstructive 
complaints did nearly correlate and this indicates that during an exacerbation of MS, 
when myelin basic protein concentration in the CSF increases, the risk of developing 
obstructive complaints is increased This was reported before by Wheeler et al who 
stated that because of the characteristic variability of the illness therapeutic choices must 
be adjusted accordingly - Neurophysiology did correlate with micturition complaints. 
This finding is in concordance with reports from others3 1 0 Our data suggest that in MS-
patients with abnormal somato-sensory evoked potentials (SSEP), indicating spino-corticaJ 
tract abnormalities, nearly half of the patients suffered from obstructive, irritative or 
incontinence urinary complaints It remains unclear why patients in the group with 
abnormal SSEP's and abnormal sacral reflex latencies, indicating both spino-cortical tract 
abnormalities and abnormalities on the level of the conus medullans, suffer less 
complaints than patients in the group with only SSEP abnormalities 
Detrusor hyperactivity was the most frequent urodynamic abnormality in this study 
Detrusor hypoactivity was noted in nearly a quarter of all patients with urodynamic 
abnormalities These results are comparable with those reported by o t h e r s 3 4 " Except 
hypoactivity which was not related to CSF-MBP analysis, abnormalities in the detrusor 
activity were statistically related with disease duration, disability status, CSF-MBP 
analysis and neurophysiology The same was true for detrusor-sphincter dyssynergia In 
multiple sclerosis patients with a disease duration over 9 years, nearly 60% suffered from 
detrusor activity abnormalities In patients with a severe disability status, this figure was 
100% Patients with an exacerbation of MS, resulting in elevated CSF-MBP 
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concentration, are al risk to develop detrusor hyperactivity 
Hypersensitivity of the bladder was statistically significant related with disease duration, 
but no linear relation was noted Since no other statistical relation was found, it is 
reasonable to suggest that sensibility abnormalities of the bladder, as we have defined it in 
our study, are not related with multiple sclerosis, although this was suggested in earlier 
reports 1 9 2 3 Changing the definition of hyposensibihty, instead of first disire to void 300 
or 400 ml and bladder capacity more than 600 or 700 ml , did not reveal a statistical 
relation with the disease related parameters Moreover, the pudendus evoked potential 
latency and the tibial evoked potential latency was not statistically related with first disire 
to void or bladder capacity Obviously, bladder sensation measured with urodynamic 
investigation, is not a method to investigate the conductivity of the postenor colloms. 
In the present study only 2 patients (0 9%) presented with upper urinary tract 
abnormalities In one of the patients no urodynamic abnormality was found, the other 
patient had severe detrusor hyperactivity and detrusor-sphincter dyssynergia The 
incidence of upper urinary tract abnormalities in multiple sclerosis reported in literature is 
low In 14 studies, which include 2076 patients only 7 patients were reported to have 
upper urinary tract abnormalities 3 4 5 7 " '° " l 3 1 4 1 5 22 " 2 i 2S 
We conclude that lower urinary tract abnormalities are frequently observed in patients 
with multiple sclerosis For the urologist it is important to realize, that every patient with 
multiple sclerosis can suffer from lower urinary tract abnormalities unrelated to the 
duration of the disease or the disability status of the patient Since only one patient with 
upper urinary tract abnormalities was found in combination with urodynamic 
abnormalities, multiple sclerosis results in urological morbidity influencing the quality of 
life, rather than in life threatening upper urinary tract affliction which is observed in 
spinal cord injured patients26 
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Chapter 4 
USE OF SACRAL REFLEX LATENCY MEASUREMENTS IN 
THE EVALUATION OF NEURAL FUNCTION OF SPINAL 
CORD INJURY PATIENTS 
A comparison of neuro-urophysiological testing and urodynamic investigations 
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Servaas L H Notermans, Wim A J G Lemmens, Frans M J Debruyne 
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ABSTRACT 
Complete suprasacral spinai cord injury is followed by great changes in the neural 
control and function of the lower urinary tract In the literature there is some controversy 
about the relationship between detrusor function and results of neurophysiological tests of 
sacral root conduction after the spinal shock phase Therefore, we studied this 
relationship in a group of 73 patients with clinical as well as neurophysiological 
documented complete suprasacral spinal cord injury, and compared sacral reflex latency 
measurements (bulhoca\ernosus and urethro-anal reflexes) with detrusor function, 
documented by urodynamic investigation 
A high incidence of час ral reflex latency abnormalities was found Comparison of sacral 
reflex latencies with detrusor reflex activity showed a statistical significant correlation No 
such relationship could be found between urodynanuc characteristics of the detrusor in 
patients with detrusor hyperreflexia and sacral reflex latency measurements We conclude 
that sacral reflex latency measurements can gt\e an indication about the existence of 
reflex detrusor activity On the other hand, these neurophysiological measurements do not 
provide a reliable indication of the detrusor function after complete spinal cord injury 
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INTRODUCTION 
Micturition and continence are based upon a complex neurological system that is 
integrated and modulated at multiple levels within the central and peripheral nervous 
system ' Injury to this system will induce changes in normal function Traumatic spinal 
cord injury often leads to loss of sensibility and voluntary control of somatic and visceral 
functions, depending upon the level and completeness of the lesion In the period 
immediately following traumatic spinal cord injury, detrusor behaviour changes are 
manifested by flaccidity and acontractility that can remain for several weeks to several 
months before detrusor activity returns2 After recovery from this spinal shock phase, the 
majority of patients with lesions above the sacral spinal micturition centre will 
demonstrate an uninhibited or reflex type of voiding dysfunction 3 Nevertheless, 
hyperreflexic detrusor activity does not develop in 4 to 24 % of patients with suprasacral 
spinal cord injury 48 
Several studies on the association between detrusor activity and neurophysiological tests 
have attempted to predict detrusor behaviour in suprasacral spinal cord injury 
patients46"011 Light et al found that electromyography of the pelvic floor was the best 
neurophysiological test to predict the recovery of detrusor contractility in patients with 
suprasacral spinal cord injury ' Bene et al also found a statistically significant association 
between neurophysiological tests and detrusor function in these particular patients '° 
Kaplan et al reported a high incidence of sacral reflex arc abnormalities in patients with 
detrusor areflexia and vice versa for detrusor hyperreflexia, indicating a relationship 
between detrusor function and neurophysiological testing 6 Lucas and Thomas, on the 
other hand, could not find any relationship between sacral reflex latencies or lumbosacral 
evoked potentials and the pattern of detrusor activity after suprasacral spinal cord 
injury 4 " 
Since these reports seem to be contradictory, we studied 73 patients with complete 
suprasacral spinal cord injury to determine the relationship between detrusor behaviour 
and neurophysiological tests, examining the function of pudendal and pelvic nerves. Apart 
from attempting to clarify the aforementioned controversy, we attempt to define the value 
of neurophysiological testing in patients with spinal cord injury in clinical practice as 
well 
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PATIENTS AND METHODS 
We studied 73 patients 16 to 63 years old (mean age 35 years) who presented to our 
department between January 1989 and December 1992 with a clinically complete, stable, 
traumatic suprasacral spinal cord injury The clinical level of the lesion ranged from Q to 
Th12 and the mean duration of the lesion was 5 8 years (range 1 to 39) at investigation 
A thorough medical history was obtained, and special attention was paid to previous 
bladder or urethral surgery and to trauma of the pelvic region The therapeutic 
management of bladder dysfunction, administration of drugs, frequency of urinary tract 
infections and presence of reflex penile erection in male patients were also considered 
Physical examination was performed with special attention to the spine and evaluation of 
spasticity of the lower limbs A multi-plane X-ray of the lumbosacral spine was made No 
patients had undergone previous bladder or urethral surgery, nor did any show 
radiological signs of sacral or lumbar spine injury Patients with possible peripheral nerve 
damage in the pelvic region were excluded as well 
In every patient entering our protocol, somatosensory evoked potentials (SSEP's) and 
sacral reflex latencies measurements were obtained with commercially available 
stimulation and registration equipment (Nicolet Pathfinder) '2 To measure 
neurophysiological completeness of the spinal cord lesion, an attempt was made to report 
the SSEP's from posterior tibial and pudendal nerves The spinal cord lesion was 
considered complete if no sensation was felt during pudendal nerve stimulation at 80 mA, 
or if no SSEP's were obtainable from the posterior tibial or pudendal nerves The sensory 
level of the spinal cord lesion was determined by slowly moving the bar electrode over 
the skin from cranial to caudal in the area of hypesthesia The highest dermatome with 
complete anaesthesia was used to include the patient in 1 of 3 groups group 1 - cervical 
lesions, group 2 - thoracic lesions from Τΐη to Th6 and group 3 - thoracic lesions from 
Th7 to Th„ (see table 1) 
To measure the sacral reflex latencies, in all patients concentric needle electrodes were 
inserted in the right upper quadrant of the external anal sphincter muscle with the patient 
in lithotomy position The electromyographic (EMG) activity of the anal sphincter after 
insertion of the needle was used to adjust the needle position Two stimulation sites were 
used the pudendal nerve was stimulated supra-maximally (80 mA) at the penis or clitoris 
and the proximal urethra was stimulated (80 mA) through a special balloon catheter with 
two nngelectrodes 10 and 20 mm from the base of the balloon The catheter was inserted 
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into the bladder and retracted after filling the balloon, thus allowing for direct electrical 
stimulation of the mucosa of the proximal urethra The recording obtained from the 
pudendal nerve was called the bulbocavernosus reflex (BCR) and that obtained from the 
proximal urethra was called the urethro-anal reflex (UAR) From each reflex at least 8 
recordings were performed in each patient 
Table Ì Distribution of number age disease duration and sex ration of the study groups 
Group 1 Group 2 Group 3 ρ value 
Patients Ino) 20 20 33 
Mean age ± SD (range! 31 7 ± 19 1 (17 48) 33 6 ± 9 3 ( 1 6 5 6 ) 37 3 ± 1 2 3 (1 6 63) 0 20 
Mean vrs ± SD (range) 5 0 ± 5 4 ( 1 171 7 4 ± 9 3 (1 39) 5 2 ± 12 3 (16 63) 0 67 
Male Female rato 15 5 1 1 9 28 5 0 06 
Distinction between normal and pathological outcomes of the neuro-urophysiological 
investigations was made by using the measurements gathered in healthy volunteers u 
Therefore, a normal BCR latency ranged from 20 to 40 ms in male patients and 15 to 40 
ms in female patients For the UAR these figures were 45 to 75 ms and 45 to 80 ms, 
respectively If the measurement of a sacral reflex latency (BCR or UAR) revealed a 
delayed or absent response, the EMG-needle was relocated and the recording was 
repeated For the purpose of this study the sacral reflex latencies that were labelled as 
nonobtainable were those in which repeated measurements would not reveal a response If 
a sacral reflex latency measurements was not obtainable it was considered pathological, 
since this phenomenon was never observed in the healthy volunteers n 
Urodynamic investigation was performed 2 weeks before or after neurophysiological 
testing in all patients, according to the standards of the International Continence Society 13 
Five days before the urodynamic investigations, all the patients had to stop those drugs 
that influence bladder and sphincter behaviour Urodynamic tests consisted of urethral 
pressure profile measurements and filling cystometry at slow rates together with EMG 
recordings of the pelvic floor muscles Intra-vesical and abdominal pressures were 
measured with 6 Fr micro-tip transducer catheters (Drager) Pelvic floor-EMG was 
recorded with a bipolar wire electrode (Nicolet) in the anal sphincter or two surface 
electrodes (Hewlett Packard), attached in the vicinity of the anal sphincter Water 
cystometry was performed with water at 37 °C and a filling rate of 35 ml per minute 
through a 12F silicone catheter with the patient in the supine position During urodynamic 
investigations special attention was paid to the bladder volume at first detrusor contraction 
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(VCOM). The duration of the contraction (TCOM) was measured from the onset of the 
contraction. Rising time (T
mc
) from the onset of the contraction to the maximal detrusor 
pressure (P
max
) was noted as well. Bladder filling was stopped after bladder contraction or 
when leakage occurred around the filling catheter. Bladder compliance was calculated by 
dividing V
conl with the pressure rise during the filling period. Hyperreflexic bladder 
activity was considered if detrusor contractions with a intravesical pressure increase of 
more than 15 cm water were present during cystometry. 
Upper urinary tract evaluation was performed by ultrasound of the kidneys or excretory 
urography and the appearance of vesicouretral reflux was evaluated by cystography. 
Kidney function was determined by creatinine clearance and magnesium renal 
scintigraphy. 
For statistical analysis, the Fisher exact-tests and the Kruskal-Wallis tests were used to 
determine possible differences among subgroups. Test results were considered statistically 
significant if the Ρ value < 0,05. 
RESULTS 
The patient characteristics in each of the 3 groups, that is cervical (group 1), Th, to Th6 
thoracic (group 2) and Th7 to Th,2 thoracic (group 3) lesions, are summarized in table 1. 
No statistical difference was found between the level of the lesion and patient age, disease 
duration or sex. A total of 42 patients managed to empty the bladder by suprapubic 
percussion, 15 in combination with clean intermittent catheterization (CIC) and 3 in 
combination with the Credè maneuver. Of the patients 17 used only CIC, 10 only the 
Credè maneuver and 4 patients had a transurethral or suprapubic catheter. 
A total of 57 patients needed regular medication to treat lower urinary tract dysfunction 
or spasticity of the lower limbs. Of the female patients 55% used parasympathicolytic 
drugs, whereas for male patients this figure was only 9%. Long-term antibiotics were 
used by 19% of the male and 14% of the female patients. During the preceding year 
more than half of all patients suffered from 1 to 4 urinary tract infections (UTI), 16% did 
not have any UTI, and 22% had more than 5 UTI's per year. 
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Group 1 Group 2 
Figure 1: Distribution of bulbocavernosus reflex latencies among the three groups. 
Recording of the BCR latency was abnormal in 34 patients (47%): in 16 patients the 
response was not obtainable and in 18 patients it was delayed. The UAR recording was 
abnormal in 25 patients (34%): delayed in 8 patients and not obtainable in 17. Figure 1 
and 2 shows the distribution of the BCR and UAR recordings in the different groups. 
Autonomic dysreflexia did not occur during sacral reflex latency measurements. 
Urodynamic investigation showed hyperreflexic detrusor activity in 61 (84%) patients. In 
group 1 patients, 16 (80 %) had hyperreflexic detrusor activity compared to 18 (40%) and 
27 (82%) in group 2 and 3, respectively. Of the patients with cervical lesions and 
detrusor hyperreflexia, 75% had associated detrusor-sphincter dyssynergia (DSD). 
Detrusor hyperreflexia and DSD occurred concomitantly in patients with high thoracic 
and low thoracic lesions in 68% and 72%, respectively. Table 2 summarizes the results of 
the hyperreflexic detrusor characteristics in male and female patients. Male patients had 
statistically significant higher detrusor pressures than female patients. Of all the other 
parameters, no differences were found among the 2 sexes. Autonomic dysreflexia 
occurred in 9 patients during cystometry but it was possible to proceed with the 
investigation. 
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Group 1 Group 2 
Group 3 
Figure 2. Distribution of urethro-anal reflex latencies among the three groups. 
Table 2: Comparison of characteristics of hyperreflexic detrusor activity and age and disease 
duration between the sexes: 
No pts 
P m „ lem HjO)" 
Te o„, (sec)" 
T r.„ (sec)" 
V „ „ , (ml)" 
Residual urine (rr 
Age (years)" 
Disease duration 
i l ) " 
(years)" 
Males 
43 
100 ± 35.3 
128 ± 91 0 
32 ± 23 3 
216 ± 123 4 
104 ± 99 4 
36 ± 10.0 
6 ± 7 1 
Females 
18 
84 ± 44 2 
130 ± 108.1 
30 ± 25.8 
212 ± 108.5 
131 ± 113.7 
28 ± 9.2 
5 ± 5.9 
p-value 
0.04' 
0.93 
0.43 
0 93 
0.65 
0.006" 
0.54 
ρ < 0 05, mean ± standard deviation 
Comparison between BCR and UAR recording and detrusor reflex activity revealed a 
statistical significant correlation, indicating that a normal sacral reflex latency is 
frequently found in patients with detrusor hyperreflexia and a not obtainable sacral reflex 
latency in patients with detrusor areflexia (table 3). 
The relationship between sacral reflex recordings and detrusor function was determined 
by comparing the BCR and UAR recordings with the hyperreflexic detrusor 
characteristics (P
max
, Т
СЯ11, Τ,,,,, VtOTl) (tables 4 and 5). Table 4 indicates a statistically 
significant relationship among the BCR recording and maximal detrusor pressure (Ρ„,
χ
), 
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Table 3 Sacral reflex latencies and reflex detrusor activity (N = 731 
ВСЯ 
Hyperreflexia 
Areflexia 
UAR 
Hyperreflexia 
Areflexia 
normal 
36 
3 
46 
2 
delayed 
17 
1 
7 
1 
not obtainable 
8 
8 
8 
9 
ρ value 
0 0005 
0 0003 
the duration of the detrusor contraction (T
conl) and the rise time to maximal detrusor 
pressure (T
n
„) Table 5 shows that UAR recording is not related to any of these 
parameters The outcome of the sacral reflex latency from BCR and UAR was statistically 
significant related to patient age but not duration of the lesion For all characteristics 
summarized in table 4 and 5, it is noteworthy that the range of values is large. 
Table 4 Characteristics of hyperreflexic detrusor activity in relation to BCR latency 
P™. (cm Η,ΟΙ ± SD (range) 
T c „ , (seel ± SD (range) 
Τ „ (sec) ± SD (range) 
V , „ , (ml) ± SD (range) 
Compliance ± SD (range) 
M F 
normal 
(n = 36) 
107 ± 41 4 (34 210) 
150 ± 107 9 (25 4621 
33 ± 24 5 (4 99) 
211 ± 122 7 (30 585) 
27 ± 24 1 (4 95) 
26 10 
delayed 
(n = 17) 
84 ± 28 7 (30 150) 
118 ± 72 5 (30 270) 
40 ± 23 9 (10 95) 
231 ± 120 4 (25 446) 
41 ± 29 1 (6 98) 
12 S 
not obtainable 
(n=8) 
67 ± 18 9 (40 90) 
65 ± 37 8 (15 108) 
12 ± 5 9 (7 22) 
195 ± 102 1 (80 411) 
35 ± 27 0 (8 99) 
S 3 
ρ value 
0 0 1 3 ' 
0 04" 
0 007 
0 63 
0 13 
0 92 
ρ < 0 05 
Table 5 Characteristics of hyperreflexic detrusor activity in relation to UAR latency 
p
™ . (cm H¡0) ± SD (range) 
T c „ , (sec) ± SD (range) 
Τ „ (sec) ± SD (range) 
V , ^ (ml) ± SD (range) 
Compliance ± SD (range) 
M F 
normal 
(n=46) 
97 ± 40 6 (30 210) 
140 ± 99 2 (17 462) 
33 ± 24 7 (4 99) 
218 ± 127 6 (25 585) 
30 ± 23 4 (4 98) 
31 15 
delayed 
(n = 7) 
82 ± 33 4 (40 139) 
84 ± 48 3 (15 130) 
35 + 21 7 (7 60) 
221 ± 100 3 (56 350) 
40 ± 29 9 (6 95) 
6 1 
not obtainable 
(n=8) 
101 ± 30 9 (49 60] 
105 ± 99 3 (30 320) 
19 ± 18 6 (8 60) 
188 ± 75 9 (30 225) 
39 ± 38 2 (8 99) 
6 2 
ρ value 
0 54 
0 22 
0 15 
0 86 
0 66 
0 80 
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Reflex penile erections were present in 77% of the male patients There was a clear 
statistically significant correlation with the existence of reflex erections and reflex 
detrusor activity (P = 0 003) As was the case with detrusor activity, the relationship 
between the bulbocavernosus reflex recording and reflex erections was statistical 
significant (P = 0 001) For the UAR this figure was 0 055, indicating nearly statistical 
significance 
Kidney function was found to be deteriorated in 4 patients who had detrusor hyperreflexia 
with DSD and low bladder compliance Eight patients had dilatation of the upper unnary 
tract (4 unilaterally) Reflux was found in another 4 patients, 2 of whom had dilatation of 
both kidneys No statistical relationship was found between upper unnary tract 
dysfunction and sacral reflex recordings 
DISCUSSION 
Our aim was to determine the relationship between detrusor behaviour and 
neurophysiological tests of pudendal and pelvic nerves in patients with a complete spinal 
cord injury above the sacral micturition centre Moreover, we attempted to define the 
value of neurophysiological tests in the clinical evaluation of spinal cord injured patients 
Our study reveals 2 important findings 1) a high incidence of abnormal sacral reflex 
recordings was found and 2) although detrusor hyperreflexia is significantly related with 
normal sacral reflex recording which was also reported by others,6814 the detrusor 
function in patients with detrusor hyperreflexia is not related to these reflexes Apart from 
the relationship between maximum detrusor pressure and bulbocavernosus reflex latency, 
none of detrusor hyperreflexia characteristics was clinically significant related to the 
sacral reflex latencies 
A prerequisite for a normal sacral reflex recording depends on a normal afferent, efferent 
and central conduction time A normal BCR indicates integrity of the reflex arc 
containing the sensory and motor fibers of the pudendal nerve and spinal segments S,-S4
,5 
The efferent pathway of the UAR is the same as that for the BCR and tracts in the 
pudendal nerve 16 Since the innervation of the proximal urethra is provided by the pelvic 
and hypogastric nerves with conduction velocities in the Αδ or С fiber range,1617 the 
afferent limb of the UAR consists of these fibers Several authors have reported 5 to 16% 
abnormal or not obtainable sacral reflex recordings in patients with suprasacral spinal 
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cord injury.49" 14 Others have studied neural pathways in the lumbosacral portion of the 
spinal cord by means of lumbosacral evoked potentials (LSEP) of pudendal or sural nerve 
and showed that 14 to 69% of these potentials were abnormal or not obtainable.4 9 1 0 ' 4 1 β " 
This fact implies that abnormal neural pathways in the sacral part of the spinal cord are 
frequently encountered in patients with suprasacral spinal cord injury. 
The reason for the development of abnormal neural pathways in the lumbosacral spinal 
cord after suprasacral spinal cord injury is still unknown. Several hypothesis try to 
explain this phenomenon. Gooch and Griffin speculated on the loss of central connections 
between second order and primary sensory neurons in the lumbosacral region, by which 
the integrity of the peripheral nerve will be lost.19 Lemhkuhl et al hypothesized that 
preserved ascending or descending spinal cord tracts could influence the activity of spinal 
cord interneurons.''' Light et al found indications for abnormal neural connections in the 
lumbosacral region as a result of a second lumbosacral spinal cord lesion caused by a 
single bony injury in the high thoracic or cervical area.9 McCouch et al reported on the 
development of new neural connections by sprouting of afferent terminals to neighbor 
penkarya after spinal cord injury.2" Thus, afferent fibers may gain an abnormal degree of 
control of reflex arcs. 
According to the former theories, central and peripheral abnormalities can result in a 
failure to erect new functional reflexes. Probably a combination of the aforementioned 
hypotheses are responsible for the high incidence of abnormal sacral reflex recordings and 
detrusor areflexia found in our study. Since reflex detrusor activity, reflex penile 
erections and sacral reflexes are statistically related, a new common neural interneuron 
pool must develop by emergence of new reflexes after spinal cord injury.21 Therefore, 
absence of sacral reflexes and in male patients, penile erections, is a bad prognostic sign 
for the existence or development of reflex detrusor activity in the near future in patients 
having detrusor areflexia. Detrusor function quantified by the urodynamic characteristics 
of detrusor hyperreflexia is, apart from maximal detrusor pressure, most probably the 
result of non-reflexogenic activity, which explains why volume at first detrusor 
contraction, duration of contraction and rising time to maximum contraction in patients 
with detrusor hyperreflexia varies both between patients and from time to time. 
The lack of association between sacral reflex latencies and detrusor function is even more 
obvious in patients in whom an intradural sacral root stimulator was implanted.22 In 
thirteen of the 73 patients a combined procedure was performed consisting of intradural 
posterior sacral root rhizotomies and implantation of intradural anterior root electrodes for 
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bladder stimulation.23 In six of these 13 patients, all having detrusor hyperreflexia, the 
BCR latency and/or UAR reflex latency was delayed or not obtainable. Preoperatively, 
none of these 13 patients had evidence of arachnoiditis that could be held responsible for 
the abnormal sacral reflex recordings. Moreover, when using the stimulator all patients 
could produce intravesical pressures high enough to empty the bladder completely. There 
was no relationship between maximal intravesical pressure and rise time to maximal 
pressure postoperatively and the sacral reflex recording preoperatively. 
We showed that sacral reflexes can give a reliable indication of detrusor hyperreflexia or 
areflexia. On the other hand, these neurophysiological measurements do not provide a 
reliable indication of the detrusor function after spinal cord injury. Only an accurate 
(video) urodynamic evaluation can elucidate the lower urinary tract function and 
appropriate treatment should be based upon these findings. 
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Chapter 5 
INTRADURAL SACRAL RHIZOTOMIES AND 
IMPLANTATION OF AN ANTERIOR SACRAL ROOT 
STIMULATOR IN THE TREATMENT OF NEUROGENIC 
BLADDER DYSFUNCTION AFTER SPINAL CORD INJURY 
Surgical technique and complications 
Philip E.V. Van Kerrebroeck, Evert L. Koldewijn, Hessel Wijkstra 
Frans M.J. Debniyne 
World Journal of Urology, 9: 126-132, 1991 
ABSTRACT 
Hyperreßexia of the detrusor is an important problem in the treatment of dysfunction of 
the lower urinary tract after spinal cord injury Many treatment modalities have been 
proposed but they mostly give only temporary relief or are accompanied by severe side 
effects In 1969, Brindley started animal experiments to accomplish intradural electrical 
stimulation of the sacral roots A serially produced intradural sacral root stimulator that 
has been available since 1986 enables electrostimulation of the appropriate sacral roots 
that is sufficient to induce bladder emptying The combination of the implantation of this 
stimulator with a complete intradural sacral posterior rhizotomy from S2 to S4/S5 appears 
to be an interesting treatment modality for the hyperreflexie bladder after spinal cord 
injury The surgical technique is described, as are the postoperative care and the possible 
complications 
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INTRODUCTION 
A spina] cord lesion above the sacral micturition center in the conus medullans results in 
a reflex (or spastic) bladder after the initial phase of spinal shock. This reflex activity of 
the detrusor is the result of the separation of the bladder segmental reflexes from the 
higher cortico-spinal control.' Micturition can be induced by external triggering, but the 
quality is inferior compared to the normal micturition Externally triggered micturition 
often results in high residual urine, is unpredictable and produces high intravesical 
pressure due to the uncoordinated sphincter behaviour with augmented outflow resistance. 
In some cases it is difficult to trigger the bladder artificially, and the occurance of 
uncontrolled and uncoordinated contractions between the episodes of micturitions are 
responsible for periods of severe incontinence in many patients. Residual urine can cause 
urinary tract infections, and the high intravesical pressure can provoke vesico-ureteral 
reflux and, eventually, pyelonephritis that can result in hydronephrosis and deterioration 
of renal function.2 In some patients the detrusor-sphincter dyssynergia causes detrusor 
hypertrophy which can also result in hydronephrosis and bladder decompensation.3 
Therefore, one of the most important goals in the neuro-urological treatment of patients 
presenting with a spinal cord injury must be the relief of bladder spasticity to restore the 
reservoir function. Incontinence treatment and controlled micturition also contributes to 
the quality of life and aid in the rehabilitation of the patient. 
Since many years or so, several treatment modalities have been proposed to control the 
reflex activity so as to overcome the considerable morbidity of the spastic bladder and to 
cure incontinence. Different bladder denervation procedures have been proposed, 
including selective sacral rhizotomies.4 However, although all of these techniques initially 
relief the spasticity, there is a high recurrence rate.5 Modern pharmacological treatment 
enables good bladder control but often results in large amounts of residual unne or in 
retention, either of which necessitates intermittent cathetensation.6 Even following 
treatment with high doses of parasympatholytics, which usually produce severe side 
effects, continence at higher bladder capacities (>300 ml) cannot be guaranteed. 
Different forms of cystoplasty have been applied in neurogenic bladder dysfunction.7 
Using these techniques, a low-pressure reservoir can be created, but the high incidence of 
infections, the need for cathetensation and the possible malignant degeneration require the 
careful selection of potential candidates. 
In 1969, Bnndley began performing experiments in baboons to accomplish intradural 
electrical stimulation of the sacral roots.8 In 1972, this resulted in implant-driven 
micturition in normal and paraplegic baboons following the separation of anterior from 
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posterior roots and subsequent stimulation of the anterior roots' In 1978, the first 
intradural sacral root stimulator was implanted in a patient,10 and in 1986 a report was 
made on the first 50 patients to receive an intradural implant " At that time, most patients 
required a maximum of 2 posterior rhizotomies, and in some cases none was performed 
Although stimulation-induced micturition could be achieved in all patients, only 60% of 
them became continent The first urodynamic report was made in 1984 on 13 patients, 
probably due to insufficient rhizotomies, only 7 patients showed areflexia of the 
detrusor 12 
In 1986, Sauerwein began combining a complete intradural posterior sacral rhizotomy 
from S2 to S4/S5 with the implantation of the Finetech-Bnndley stimulator " In 1990, this 
author published the results obtained in 45 patients with a minimum follow-up of 6 
months, 41 of these patients became continent, 43 exhibited an areflexic bladder and 
stimulation-induced micturition was achieved in all cases " On the basis of this 
experience, the combination of a complete intradural posterior sacral rhizotomy with the 
implantation of a Finetech-Bnndley stimulator seems to be an effective method for the 
treatment of neurogenic bladder dysfunction after spinal cord injury 
Principle of the intradural stimulation 
Since the first goal in the treatment of neurogenic bladder dysfunction after spinal cord 
injury is to restore the reservoir function of the bladder, a normal collection phase at low 
pressure during bladder filling is essential to protect the higher urinary tract and to 
guarantee continence Therefore, various attempts have been made to denervated the 
bladder by surgical means after the failure of pharmacological treatment By as early as 
1945, occasional improvements in bladder function had been observed following anterior 
sacral rhizotomy 14 Since that time, many authors have claimed that they obtained good 
results in patients presenting with bladder spasticity using this technique However, the 
long-term results have been rather disappointing " In 1975, Torrens tried to clarify the 
specific innervation of the detrusor and urethra by performing intra-operative stimulation 
of the sacral nerve roots and recording the occurence of bladder contraction and sphincter 
activity 16 
The third and forth sacral roots were considered to comprise the main parasympathetic 
innervation of the detrusor, complete posterior sacral root rhizotomies were never 
performed in early selective procedures However, since it has been found that the 
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parasympathetic innervation of the detrusor, which is responsible for the hyperreflexia, 
can originate from the sacral roots S2 to S4/Ss a complete postenor rhizotomy includes all 
the roots below the S, level to prevent reinnervation by remaining parasympathetic nerve 
fibers 17 No parasympathetic afferent fibers from the bladder are likely to occur above the 
S2 level as confirmed by the good and permanent results after a complete postenor 
rhizotomy from S2 to S4/S5 18 Apparently, only afferent pain fibers and probably no 
important parasympathetic afferent fibers are present in the remaining anterior roots after 
an exact intradural separation of the anterior from the posterior roots in animals.19 
However, some evidence has recently been found for the exertion of a parasympathetic 
afferent inhibitory effect on the sacral micturition center by the posterior roots20 After a 
complete sacral rhizotomy, the sympathetic influence on the lower urinary tract is 
preserved 21 n 
A complete posterior rhizotomy that includes the S4 and possibly the S5 roots and 
conserves all anterior roots from S2 to S5 is possible only via an intradural approach 
Extradural separation of anterior and posterior roots along with resection of the postenor 
root and complete preservation of the anterior roots is very difficult at the S4 level due to 
the diameter of the root and is impossible at the S5 level After a posterior rhizotomy, the 
motor neurons in the spinal cord as well as the motor nerve fibers and their connections 
with the detrusor are fully preserved The end result of a complete postenor sacral 
rhizotomy is a bladder with a high compliance at all volumes up to the maximal bladder 
capacity as determined by the visco-elastic properties of the detrusor. The onginal 
detrusor-sphincter dyssynergia is abolished and autonomic dysreflexia is prevented " 
Preservation of the sacral parasympathetic motor (anterior) roots enables electncal 
stimulation and controlled detrusor contraction Thus, patients can accomplish bladder 
emptying at the most appropriate time based on the actual bladder volume Since 
stimulation of these sacral roots produces also contraction of the urethral closure 
mechanism (urethral sphincter and pelvic floor muscles), the stimulation parameters must 
be adapted to overcome detrusor-sphincter dyssynergia during voiding and enable bladder 
emptying at low intravesical pressure As the rectum is innervated by the same sacral 
roots that innervate the bladder, electrical stimulation enables complete unassisted 
defecation and reduces the total time required for evacuation of faeces2* In male patients, 
S2 is the main sacral root that innervates the corpora cavernosa, its continuous electncal 
stimulation provokes an erection in about 60% " 
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Equipment for intradural stimulation 
Following a period of 14 years development in the Neurological Prostheses Unit in 
London, a serially produced anterior root stimulator is commercially available since 1986. 
Figure 1: The internal equipment (implant) along with the electrode mounts, the cables and the 
radio-receiver block (on the right). The external stimulation unit together with the control box 
and the transmitter block (on the left). 
As the Finetech-Brindley bladder controller (Finetech Ltd., Welwyn Garden City, 
Hertfordshire, England, UK) is driven by an external radio transmitter, its use does not 
require the implantation of a power supply (figure 1). 
The internal equipment, or implant, consists of three parts: 
1. The electrode mounts are called "books" because of their shape, within which the 
anterior sacral roots are trapped intradurally. This electrode book consists of four 
different slots organised as three functionally independent so-called electrode mounts. The 
lower, smaller book is designed to contain both left and right S4 anterior roots and, 
possibly, the S5 anterior roots together with the filum terminale. The upper, larger book 
holds the left and right S3 anterior roots together in the center slot and the left and right 
S2 anterior roots separately in each of the two lateral slots. The electrode book is designed 
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to be implanted intradurally at about the level of the intervertebral disc L5-S, (figure 2). 
Figure 2: Plain X-ray of the abdomen, showing the electrodes in the spinal canal and the cables 
connected with the receiver block on the right lower abdomen. 
However, in some patients the spinal canal may be too narrow that the upper book; in 
such cases the left outer wall of the upper book is cut off and the S2 roots on both sides 
are placed in one (lateral) slot. A special electrode book has been designed for patients 
who have retained pelvic pain sensitivity or who exhibit severe autonomic dysreflexia. In 
this special implant both left and right S3 and S4 roots can be placed in a separate slot, 
which enables independent stimulation of each of these roots, depending on the pain 
sensation and the produced bladder pressure. 
2. The radio-receiver block, which contains three radio receivers, is implanted 
subcutaneously in a pouch in the lower thoracic or abdominal wall. It operates by 
electromagnetic induction with frequencies of 7 and 9 MHz. The entire receiver block is 
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imbedded in silicone rubber to prevent corrosion of the metallic parts. 
3 Three silicone-coated cables form the connection between the electrode book and the 
radio-receiver block. 
Coating of the implant with gentamicin-fucidin rubber has been proven to be effective in 
preventing infection on the prosthesis.25 The implant is also equipped with a sleeve that 
enables passage of the cables through the dura mater and prevents leakage of 
cerebrospinal fluid. 
The external equipment (figure 1) consists of a transmitter block equipped with three 
coils, which is connected via an isolated cable with the control box that contains the 
electronics and the rechargeable batteries. The control box generates electrical impulses 
that are transmitted to the transmitter block, which transforms the impulses into high-
frequency signals. The implanted radio receiver in turn transforms these high-frequency 
signals into electrical impulses that are transmitted to the spinal motor nerve roots. This 
enables selective stimulation of the each of the anterior (motor) nerve roots from S2 to 
S4/Ss. The impuls form is rectangular, but the parameters can be set such that the current 
can be changed from a continuous to an interrupted mode. The duration of a pulse can be 
varied from 50 to 500 д5ес and the frequency of the pulses can be adapted from 8 to 50 
Hz. The duration of the bursts of stimulation can vary from 0,5 to 4,5 sec. and the gap 
between the individual bursts of stimulation can be set from 1 to 20 sec. These 
stimulation parameters can be selected individually for each of the transmitters. 
Depending on the individual sensitivity of each sacral nerve root, the amplitude of the 
voltage provide by the external equipment can be changed from 0 to 40 V. After full 
growth of fibrous tissue, the maximum current in each slot of the electrode book is about 
40 mA 
The control box enables the installation of three different programmes. Normally, the first 
programme is used for micturition; the second, for defecation; and the third, for erection 
in the men and lubrification of the vagina in women. After the different programmes have 
been installated by the physician, the patient can choose between the three programmes. 
Surgical technique 
After careful patient selection and screening, the patient is admitted to the hospital 3 days 
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prior to the operation for skin and bowel preparation. Skin preparation is essential since 
infection on the implant with Staphylococcus epidermidis can lead to a bacterial 
meningitis, which necessitates explantation of the prosthesis. Skin disinfection is 
performed twice daily as a total body scrub with Chloorhexidin. Shaving (if necessary) 
and skin disinfection with povidone-iodine soap for 10 min. is done on the day of 
surgery. Since many patients have constipation prior to the operation, preoperative bowel 
preparation is important. This augments the comfort of the patients in the postoperative 
period and facilitates the installation of a stimulation programme for defecation. An empty 
rectum is essential for a good rectal pressure recording during the perioperative 
stimulation of individual sacral roots. Moreover, any urinary tract infection should be 
cleared or at least treated prior to the surgery. Parenteral antibiotics are given at 0.5 h 
prior to the skin incision and are repeated after 6 h or an closure of the lumbar wound so 
as to impregnate possible haematomas with a good serum level of antibiotics. 
Because registration of the somatomotor and visceromotor responses at stimulation of the 
sacral roots is essential during the operation, no medication that produce a 
parasympaticolytic effect may be given prior or during surgery. For the same reason, 
only short-acting muscle relaxants can be used for anaesthesia. Since stimulation of the 
posterior sacral roots may provoke a considerable increase in blood pressure, continuous 
monitoring of the arterial blood pressure is necessary. Perioperative pharmacological 
control of the blood pressure using nitroprussite enables stabilisation of the mean systolic 
blood pressure at about 90 mm Hg, which limits bleeding during the operation and 
diminishes the danger of possible hypertensive episodes during stimulation. 
The patient receives an indwelling 16-ch. Foley catheter equipped with a Y-connector, 
which enables perioperative filling and emptying of the bladder. A pressure-transducer 
catheter is inserted, with one transducer lying in the bladder. Additional pressure 
transducers in the urethra can furnish information on urethral behaviour during the 
procedure.20 If no pressure-transducer catheter is available, a water manometer can be 
used instead to monitor the bladder pressure. Another pressure-transducer catheter is 
inserted in the rectum for simultaneous registration of the rectal pressure. During 
positioning of the patient in ventral decubitus, meticulous care must be taken to protect all 
possible pressure points since the operation takes about 4 to 5 h. 
Standard instruments for a lumbar laminectomy are needed, together with two blunt hooks 
and two sharp hooks for handling and separating nerve roots. Microscissors are used to 
cut the arachnoid sheaths of the roots. For electrical stimulation a tripolar hook electrode 
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is used. Special tunnelling instruments are needed for passage of the cables under the skin 
to the receiver site. Most surgeons use the operating microscope during separation of the 
anterior and posterior roots, although with some experience binocular loupes are 
sufficient. 
A laminectomy from vertebra L¡ or L4 to S2 is necessary in order to free about 10 to 12 
cm dura mater. The interlaminar joints are spared on both sides since they are essential 
for the stability of the spine; generally, the surgeon can achieve a wide enough exposure 
(15 mm) without damaging them. The exposed dura and arachnoid are opened and the 
edges are retracted with threads. The patient is placed in Trendelenburg's position so as 
to limit cerebrospinal fluid leakage and to prevent cerebral damage at the level of the 
brain stem. 
The roots are then provisionally identified on both sides according to their size and 
localisation and separated from each other but at the arachnoidal attachment. This 
procedure starts with the S2 root and is continued downwards; if present, the S5 root, 
mostly adheres to the filum terminal. Identification of the roots is confirmed by 
stimulation of the complete root with the triple-hook nerve stimulator. For somatic 
responses, 3 Hz. pulses of 350 μ5βΰ are delivered; the stimulation threshold is around 2 
V. For bladder responses, 30 Hz. pulses are delivered using 10 V stimuli to produce 
maximal detrusor pressure increase. The sacral roots can now be identified by their 
specific motor responses (toe flexion, plantar flexion, pelvic floor or anal sphincter 
contraction, activity of the gluteal muscles). An increase in bladder pressure is always 
obtainable by stimulation of Sj, often occurs following S,, stimulation and can sometimes 
be obtained by stimulation of S2. On rare occasions, S5 also contains motor fibers to the 
bladder. 
When the roots are identified at both sides, their separation into anterior and posterior 
components (deafferentation) can be started (figure 3). The anterior roots are situated 
anteromedial to the posterior roots, and the size of the former is less than half that of the 
latter. When separation has been completed its correctness is checked by electrical 
stimulation. When the posterior root has been identified, a posterior rhizotomy is 
performed by coagulation and resection of a segment measuring about 40 mm. in length. 
The S5 root usually is so small that its separation into a posterior and anterior branch is 
impossible. A decision can be made to resect these roots or to crush them if a bladder 
réponse is obtained. Crushing causes permanent damage to the posterior fibers, but the 
anterior fibers eventually recovery, enabling their stimulation after a period of 6 weeks to 
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Figure 3: Intradural splitting of a sacral root, with the anterior part being held in a nerve hook. 
6 months. However, it is essential that the posterior part of the S5 roots be destroyed, 
since afferent reinnervation can is likely to originate from these roots. 
After all rhizotomies have been performed, the anterior roots are placed in the appropriate 
slots of the electrode book (figure 4), which is then closed with specially designed 
silicone roofs that are fixed with a silicone-rubber adhesive (Dow Corning 734). 
Thereafter, the sleeve (chimney) is fixed over the three cables to prevent leakage of 
cerebrospinal fluid after closure of the dura (figure 4). This sleeve has a flange that lies 
inside the dura and enables easy closure and fixation of the dura mater with a running 
resorbable monofilament 5-0 (PDS) suture. After closure of the dura, separate stimulation 
of each of the cables is caried out to verify that each of the nerve roots shows a sufficient 
response. At the end of the closure of the aponeurosis, the cables are passed to a lateral 
pocket created by a separate small incision in the flank. Following closure of the skin, the 
patient is turned over and a subcutaneous pocket is created on the lower part of the thorax 
or on the abdominal wall. The cables are passed from the temporary side pocket and 
connected to the radio-receiver block. The connections are sealed with silicone rubber 
glue and the receiver is fixed subcutaneously such that no cable lies over a receiver. To 
prevent its migration, the receiver block is sewn to the deep fascia at two points and both 
incisions are closed. 
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Figure 4: Operative view, showing the anterior roots in the electrode mounts (upper part) and 
the sleeve with the cables (lower part) immediately prior to closure of the dura mater. 
Postoperative care and setting of the programmes 
To reduce the risk of cerebrospinal fluid leakage, it is recommended that the patient 
remain tilted at a 15° angle in Trendelenburg's position for 3 days after the operation. 
The bladder is drained through a Foley catheter. On the 3rd or 4th day after surgery, 
initial testing is performed. Postponement of this test until the 6th day or later makes the 
exact diagnosis of anterior root damage difficult, since neuropraxia may become evident 
beginning on days 6 to 10 postsurgery. The position of the three implanted receivers is 
identified by palpation, by fluoroscopy or by a grid dip meter. A test of individual pairs 
of sacral anterior roots is established by registration of the motor response on both the left 
and the right side. 
If all sacral roots are intact, a programme for micturition and defecation can be installed. 
The best means of doing so involves the introducion of microtip transducer catheters in 
both in the rectum and the bladder followed by adjustment of setting under pressure 
control. 
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Table 1: Correct sett ing of the stimulation parameters resulting in adequate bladder pressure 
(pbi.ddCr) during mictur i t ion and intermittent f l o w . 
Flow 
Table 2: Sub-optimal setting of the st imulation parameters (pause too short), resulting in 
increasing bladder pressure (Ры^
йег
)-
p 
• bladder 
Flow 
Table 3: Sub-optimal setting of the st imulation parameters (pause too long), resulting in 
inefficient detrusor contract ions. 
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The bladder is filled to a volume of 200 ml and the responses are tested by placement of 
the transmitter over the appropriate receiver. The pulse width (duration of a pulse) 
depends on the obesity of the patient but is generally about 350 μ5εο. In the majority of 
patients, bladder stimulation is realised by the delivery of stimulation bursts of 3 sec 
duration at intervals of about 6,5 sec using a frequency of about 26 Hz. This programme 
must be adapted based on the urodynamic recordings (table 1). Maximal intravesical 
pressure is obtained between bursts and minimal pressure occurs during bursts. The 
highest pressure is usually obtained during the interval between either the third and fourth 
or between either the fourth and the fifth burst. If the pressure is too low to enable 
correct bladder evacuation (< 50 cm H20), the duration of the bursts is augmented to 4,5 
sec; if the maximum pressure is too high (> 100 cm H20), the burst duration is 
diminished to 2 or, even 1,5 sec. At the end of every trial, a pause lasting about 5 min. is 
necessary prevent detrusor fatigue. However, the intravesical pressures measured 
represent static rather than voiding pressures. 
Once the final programme has been set, the transurethral catheter is removed and the flow 
pattern is observed. Micturition should be intermittent, with the flow occurring during the 
intervals between bursts of stimulation (i.e. when the bladder pressure is high and the 
striated sphincters are relaxed). Interruption of the flow by the next stimulus indicates that 
Figure 5: Videocystography during micturition following stimulation of the sacral roots. 
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the intervening pause is too short and must be prolonged (table 2) An excessively long 
pause produces inefficient detrusor stimulation and results in residual urine (table 3) If all 
postenor roots from S2 to S4/S5 have been cut, dyssynergia does not occur. This can be 
confirmed by videocystography during micturition after stimulation (figure 5). 
Strong stimulation of S3 or S4 usually causes a rise in rectal pressure that exhibits a 
latency of about 6 sec and a duration of about 25 sec Stimulation also causes contraction 
of the anal sphincter, but this contraction displays a much shorter latency and ceases 
immediately on cessation of the stimulation After stimulation, an inhibition of the resting 
tone occurs that enables stool evacuation Generally, a programme involving 10 sec 
continuous stimulation followed by a pause lasting 20 sec is recommended, which can be 
repeated untili defecation occurs Furthermore, stimulation of sacral anterior roots causes 
an increase in colonic activity that results in the movement of faecal material towards the 
rectum 2<s 
Implant-driven erection can be achieved in about 60% of the male patients by continuous 
stimulation of the S2 roots for at least 3 minutes In some patients, continuous stimulation 
of the S3 root can help to achieve a sufficient erection Implant-dnven erection sometimes 
proceeds very slowly, but once an erection has been established, it remains constant until 
stimulation ceases 
Complications 
Even when patients are kept in Trendelenburg's position, headaches can occur during the 
first few days after surgery, they are usually easily treated with analgesics and sufficient 
parenteral fluid Some patients exhibit a temperature as high as 38,5°C for up to 14 days 
after surgery, This does not represent a sign of infection and disappears spontaneously 
Of course, infection of the implant is possible This is a severe complication that 
generally necessitates explantation of the entire implant, as infection can cause bacterial 
meningitis along with all its complications Although a high infection rate was noted in a 
previous series of patients," the risk has dramatically diminished since the introduction of 
gentamicine coating 2< If an intradural implant has to be removed because of infection, the 
secondary implantation of an extradural stimulator remains possible and good results can 
be obtained if complete sacral rhizotomies have been carried out 
Another important problem involves the risk of cerebrospinal fluid leakage. This 
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complication was also a frequent problem in previous implants, mainly because of leakage 
along the cables. Since the introduction in 1980 of the sleeve for passage of the cables 
through the dura, the incidence of cerebrospinal fluid leakage has decreased 
tremendously; should it occur, it can be cured in most cases by conservative means 
(prolonged placement of patients in Trendelenburg's position). However, if re-operation is 
necessary, a secondary closure is possible and the intradural implant can remain in place. 
The most common complication encountered is damage to the anterior roots. Even if the 
operation seems to have gone smoothly, some anterior roots can show evidence of 
damage. Electrical stimulation is possible the first days after the operation because the 
nerve fibres remain capable to transport the signal caudal of the point of damage. 
Between the 4th and 7th day postsurgery, the peripheral parts of the fibres undergo 
Wallerian degeneration and are no longer capable of functioning. Recovery may be 
expected from the 6th week onwards but, depending on the degree of neuropraxia, can 
take up to 6 months. In the meantime, the patient cannot achieve bladder emtying via 
stimulation and must either carry out intermittent self-catheterization or receive an 
indwelling catheter. However, if the posterior rhizotomies were successful, the bladder 
exhibits high compliance associated with a large functional capacity necessitating only 
three to four catheterisations per day. 
As a general rule, if all six posterior roots have been cut, reflex erection is lost. Male 
patients should never be given a guarantee of stimulated erections and must be warned 
that their reflex erections will be abolished. About 30% of the patients who receive an 
implant notice an increase in sweating over the lower part of the body and/or changes, 
that mostly involve a worsening of the lower limb reflexes; these changes are temporary 
and the old pattern usually returns within 3 months. In some tétraplégie patients, attempts 
at stimulation-induced micturition can cause autonomic dysreflexia that discourages from 
using the implant. In cases involving an incomplete lesion, stimulation can be painfull; 
however, the pain is not usualy severe enough to require discontinuation of stimulation. 
In three patients, lumbar scoliosis that was present before the operation worsened over a 
period of 4 to 10 years postsurgery without causing substantial inconvenience (Brindley, 
personal communication). 
Among 320 Finetech-Brindley bladder controllers that were implanted between January 
1982 and April 1990, 39 represented implant failures, resulting in an overall rate of 39 
failures in 700 implant-years (1 failure/ 18 implant-years). The failure rate was lower for 
recent implants than for older devices due to technical improvements. Furthermore, all 
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but two of the failures diagnosed up to April 1990 were reparable. In two cases that 
represent irreparable failures, an extradural stimulator was successfully implanted. 
Conclusions 
The implantation of an intradural anterior sacral root stimulator in combination with a 
complete posterior sacral root rhizotomy from S2 to S4/S5 provides an effective modality 
for the treatment of the hyperreflex bladder in spinal cord injury patients. The Finetech-
Brindley bladder controller is a safe and reliable implant for electrostimulation of the 
anterior sacral roots that is sufficient to induce bladder emptying, leaving only minimal (if 
any) residual urine, as well as rectal evacuation at appropriate moments.27 However, some 
technical improvements are needed to overcome the problems of pain in patients who 
have retained pain sensation and to enable better handling of the external equipment by 
the handicapped individual. 
The intradural approach seems to be essential for a complete and necessary posterior 
sacral root rhizotomy. It constitutes a rather complicated procedure that should be limited 
to centers that specialise in the diagnosis and treatment of neurogenic bladder dysfunction 
and that can perform the operation on a regular basis. Since the neuro-urological care of 
spinal cord injured patients is earned out by urologists, these specialists must play an 
important role in the further exploration of this technique in close cooperation with 
interested neurosurgeons. 
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Chapter 6 
BLADDER COMPLIANCE AFTER POSTERIOR SACRAL 
ROOT RHIZOTOMIES AND ANTERIOR SACRAL ROOT 
STIMULATION 
Evert L. Koldewijn, Philip E.V. Van Kerrebroeck, Peter F.W.M. Rosier, 
Hessel Wijkstra, Frans M.J. Debruyne. 
Journal of Urology, 151, 955-960, 1994 
ABSTRACT 
To evaluate the effects of central detrusor denervation on bladder compliance, we studied 
27 patients with complete suprasacral spinal cord injury in whom intradural posterior 
sacral root rhizotomies from S2 to S¡ in combination with implantation of an intradural 
Finetech-Bnndley bladder stimulator were performed. All patients initially presented with 
detrusor hyperreflexia. A majority of these patients had a decreased bladder compliance 5 
days postoperatively followed by a rapid increase in bladder compliance thereafter. All 
patients showed persistent detrusor areflexia after long-term followup. In 2 patients 
incomplete posterior sacral rhizotomies appeared to be performed. These patients had a 
low bladder compliance, so that secondary posterior sacral root rhizotomies at the level 
of the conus medullaris were done. Intradural rhizotomies of all posterior sacral root 
components from S2 to S¡ in combination with implantation of an anterior sacral root 
stimulator is a safe and effective procedure in spinal cord injured patients. 
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INTRODUCTION 
Patients with neurogenic bladder dysfunction due to injury of the spinal cord are at risk 
for upper urinary tract problems and deterioration of kidney function.1 Since the 
introduction of clean intermittent self-catheterization,2 bladder augmentation surgery,3 
parasympathicolytic drugs 4 and improved antibiotics to lessen urinary sepsis, the risk for 
urological morbidity has been decreased.5 Despite this fact, urological complications 
remain ал important cause of morbidity in spinal cord injured patients6 and further 
research is needed. 
One of the achievements of the last decades to decrease the urological morbidity in spinal 
cord injury patients is central detrusor denervation by rhizotomies of posterior sacral 
nerve root components to lessen detrusor hyperreflexia.'8 This procedure leads to an 
increased bladder capacity and, thus, an improved reservoir function of the bladder. 
Moreover, this technique decreases the reflex activity of the pelvic floor and external 
urethral sphincter.9 When this procedure is combined with the implantation of electrodes 
around sacral spinal nerve roots, electrically induced bladder emptying is possible.810 
However, the benefit of posterior sacral nerve root rhizotomies has been criticized since 
initial experiences with this technique were disappointing. In some patients detrusor 
hyperreflexia recurred," '2 while in some secondary low bladder compliance developed.13 
The effects on sexual performance and bowel function have been described.M On the 
other hand, some physicians report beneficial long-term effects on detrusor function after 
posterior sacral root rhizotomies.1''16 
We report on the effect of intradural posterior sacral root rhizotomies from S2 to S5 in 
combination with implantation of an anterior sacral root stimulator on bladder compliance 
and capacity in 27 patients with a complete spinal cord injury. 
PATIENTS AND METHODS 
Between January 1989 and October 1992, 14 male and 13 female patients with a complete 
cervical or thoracic spinal cord lesion underwent bilateral intradural rhizotomies of all 
posterior sacral root components from S2 to S5 and implantation of a Finetech-Brindley 
sacral anterior sacral root stimulator (Finetech Ltd., U.K.). Preoperative urodynamic 
evaluation showed detrusor hyperreflexia in all patients (figure 1A). All patients had 
81 
incomplete bladder emptying and suffered from recurrent urinary tract infections and 
urinary incontinence. 
Patients and preoperative evaluation. Mean age was 34 years (range 16 to 57 years). The 
level of injury ranged from C4 to Th12. Mean duration of the lesion was 5,3 years (range 
9 months to 22,5 years). Mean followup was 22 months (range 6 to 51 months). Table 1 
summarizes patient characteristics. All patients underwent comprehensive preoperative 
evaluation according to a standard protocol, including general and urologica] history, 
physical and neurological examinations, extensive urodynamic evaluation, excretory 
urography, voiding cystourethrography, kidney scintigraphy, creatinine clearance and 
neurophysiological testing. Myelography was performed in 13 patients. All male patients 
had reflex erections, and they were extensively informed about the postoperative loss of 
reflex and psychogenic penile erections. 
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Figure 1Α Pre-operative cystometry (patient no 22) Evident detrusor hyperreflexia and detrusor 
sphincter dyssynergia (Р
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pressure, Vol infused volume) 
Urodynamic evaluation. Urodynamic evaluation was performed preoperatively, and at 5 
days, 6 weeks and 6 to 12 months postoperatively, and consisted of water cystometry at 
37 °C and a filling rate of 35 ml/min. When this test revealed detrusor areflexia, a 
secondary cystometry study with water at 4°C and a filling rate of 100 ml/min was performed. 
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Table 1: Patients characteristics: 
Pt. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2 1 . 
22. 
23. 
24. 
25. 
26. 
27. 
Age 
(yrs.l 
34 
22 
17 
18 
35 
30 
35 
46 
32 
44 
44 
25 
32 
17 
34 
42 
16 
50 
39 
37 
57 
43 
34 
27 
41 
42 
27 
Sex 
M 
F 
F 
F 
F 
F 
F 
M 
F 
F 
M 
F 
M 
M 
F 
M 
F 
M 
M 
M 
M 
M 
F 
F 
M 
M 
M 
Level of 
lesion 
Τ 7 
Τ 8 
C 6 
Τ 5 
Τ 3 
С 8 
Τ 5 
Τ 10 
Τ 10 
Τ 3 
Τ 12 
Τ 8 
С 6 
Τ 12 
Τ 6 
Τ 12 
Τ 4 
Τ 12 
С 6 
Τ 10 
Τ 4 
Τ 5 
С 4 
С 6 
Τ 11 
Τ 8 
Τ 6 
Duration of 
lesion (yrs.) 
11 
4 
1 
1 
19 
1,5 
15,3 
7,3 
1,3 
1,8 
3,5 
5 
4,3 
6,9 
1,5 
21 
0,75 
22,5 
2,1 
1,5 
3,25 
8,5 
1 
10 
1,5 
1,6 
2,6 
Follow-up 
(months) 
51 
43 
43 
39 
35 
27 
27 
26 
26 
25 
25 
23 
22 
18 
18 
17 
16 
15 
15 
13 
13 
12 
10 
9 
7 
7 
6 
Electromyography of the pelvic floor was performed with bipolar wire electrodes 
(Nicolet, U.S.A.) during cystometry. Preoperative maximum capacity measured during 
cystometry (MCC) was defined as the volume at which a reflex detrusor contraction 
elicited an intravesical pressure increase of more than 15 cm H20. Bladder compliance 
(ВС) was calculated by dividing MCC by the difference between intravesical pressure 
before and after filling. Postoperative MCC was defined as the volume at which overflow 
incontinence was noted or a maximum of 800 ml was reached. Bladder compliance 
postoperatively was calculated in the same manner as preoperatively. 
Operative technique. An intradural operative technique was used.17 A laminectomy from 
h¡ or L4 to S2 was performed to expose 10-12 cm dura mater. After opening the dura, the 
sacral roots S2, S3, S4 and when existing S5 were bilateral exposed. Under visual 
magnification, and with continuous urodynamic monitoring of the bladder, rectal and 
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urethral pressures, the roots were individually stimulated, using a tripolar hook electrode 
(10V, 30 Hz). Than, the sacral roots were bilaterally separated into the anterior and 
postenor components. Electrical stimulation of anterior components normally results in an 
increased bladder pressure and/or specific somatic motor responses (toe flexion, plantar 
flexion, pelvic floor or anal sphincter contraction). Electrical stimulation of posterior 
components did not result in any motor response. All posterior components of left and 
right S2, S3, S4 and the complete S, roots, if present, were transected. After transection of 
all posterior components, the remaining anterior components were placed in the electrodes 
and the dura was closed. The leads were connected with a receiver placed in a ventral 
subcutaneous pocket. Postoperatively, the bladder was drained with a transurethral 
catheter for 5 days. On day 5, initial cystometry was performed, and the external 
stimulator was programmed for electrically induced bladder and bowel emptying.17 For 
male patients an additional stimulation program for erection was set. 
Postoperative evaluation. Follow-up was performed postoperatively in all patients 
according to a protocol. General and urological histories were taken, and physical 
examination after 6 weeks, and 3, 6, 9 and 12 months, and thereafter every 6 months. 
Patients were asked if they were continent for urine and feces. Post-stimulation residual 
urine volume was evaluated ultrasonographically at every outpatient visit. Ultrasound 
evaluation of the kidneys was performed every 3 months during year 1, and excretory 
urography and kidney scintigraphy were done at 6 months. 
Statistical analysis. The non-parametric Friedman-test was used. P-values are given. 
RESULTS 
Mean preoperative maximum capacity measured during cystometry was 228 ± 108 ml 
(range 50 to 428). Mean bladder compliance was 31 ±22 ,1 ml/cm H20 (range 7 to 80). 
In 10 patients the compliance was less then 20 ml/cm H20, and in 3 it was below 10 
ml/cm H20. 
At operation, patients 14 and 25 had arachnoiditis, although in patient 25 myelography 
had shown no adhesions. In these 2 patients the fibrosis around the sacral roots prevented 
exact anatomical separation of anterior and posterior components. In all other patients 
separation between anterior and posterior components was straightforward and 
rhizotomies of all posterior sacral root components from S2 to S5 could easily be 
performed. 
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Figure IB: Cystometry 5 days postoperatively (patient 22): Complete detrusor areflexia, but low 
bladder compliance (infused volume 105 ml, during nearly 4 minutes). (Р
ы
«,: intravesical 
pressure, P,M: intr-abdominal pressure, Pd.„: detrusor pressure. Vol: infused volume) 
Mean MCC 5 days after the rhizotomies was 270 ± 104 ml (range 127 to 565). Mean 
bladder compliance was 14 + 7.0 ml/cmH20 (range 3 to 33). In 21 patients the 
compliance decreased and in 5 patients the compliance increased. In 1 patient there was 
no change in bladder compliance. A total of 23 patients had bladder compliance of less 
than 20 ml/cmH20, while in 8 it was less than 10 ml/cm H20. Of the patients with a 
preoperative bladder compliance of less than 20 ml/cmH20 5 had a decreased bladder 
compliance postoperatively. All patients showed detrusor areflexia on cystometry (figure 
IB). After setting the program for electrical induced bladder emptying, all patients could 
empty the bladder. Patients 14 and 25 showed reflex activity resulting in severe detrusor-
sphincter dyssynergia, continuing after stimulation. Consequently, they could not empty 
the bladder although adequate intravesical pressures were obtained. Intermittent self-
catheterization was started. 
After removing the urethral catheter on day 5, 25 patients (93%) could use the stimulator 
for bladder emptying. After 1 week patients 1 and 21 no longer responded to stimulation, 
probably due to neurapraxia of the anterior sacral roots. Patient 1 recovered after 6 
months but in patient 21 neurapraxia did not resolve. Patient 17 required oxybutynin 
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because of severe perspiration over the entire body, which resulted in paralysis of the 
detrusor and intermittent self-catherization was started. In patient 12 the implant had to be 
removed after 3 months because of a low-grade infection. 
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Figure 1С: Cystometry 6 months postoperatively (patient no 22): Complete detrusor areflexia 
and normal bladder compliance (infused volume 730 ml during nearly 22 minutes)(Pbi.d 
intravesical pressure, P,M intra-abdominal pressure, Pde„· detrusor pressure. Vol: infused 
volume) 
After 6 weeks the mean MCC was 581 ± 111 ml (range 374 to 792). Mean bladder 
compliance was 44 + 21.1 ml/cm H20 (range 13 to 95). In all 27 patients, the bladder 
compliance increased compared to the situation 5 days postoperatively. Only patients 14 
and 25 had a bladder compliance below 20 ml/cm H20 (table 2). Apart from the 
increased bladder compliance and capacity, the trabeculated aspect of the bladder wall can 
disappear (figure 2A and 2B). In patient 14, the MCC was 400 ml and the compliance 
was 18 ml/cm H20. In patient 25 these figures were 374 and 13 respectively (table 2). In 
both patients ultrasound of the kidneys showed slight lo moderate dilatation on left and 
right pyelocaliceal system, although both patients showed normal upper urinary tracts 
ρ reoperati vel у. In both patients separation of the posterior and anterior sacral root 
components was complicated, and there was a strong suspicion that not all posterior root 
components from S2 to S5 had been transected. Therefore, secondary posterior sacral root 
rhizotomies at the level of the conus medullaris were performed 4 and 5 months after the 
initial procedure in patient 25 and 14, respectively. After laminectomy from T
u
 to Lj was 
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done, the dura mater was opened. The anatomical separation between anterior and 
posterior sacral roots is evident and all sacral posterior roots were removed bilaterally. 
Table 2: Urodynamic characteristics in all patients 
Pt No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
Level of 
lesion 
Τ 7 
Τ 8 
С 6 
Τ 5 
ТЗ 
С 8 
Т5 
Τ 10 
Τ 10 
ТЗ 
Τ 12 
Т8 
С6 
Τ 12 
Т6 
Τ 12 
Τ 4 
Τ 12 
С 6 
Τ 10 
Τ4 
Τ5 
С4 
С 6 
Τ 11 
Τ 8 
Τ6 
pre-operative 
MCC 
375 
250 
300 
150 
50 
150 
300 
100 
400 
100 
200 
230 
170 
160 
160 
175 
380 
225 
400 
200 
410 
430 
210 
110 
150 
210 
170 
ВС 
15 
35 
22 
15 
60 
30 
70 
25 
43 
18 
28 
76 
21 
32 
7 
8 
27 
32 
25 
8 
20 
21 
80 
12 
10 
17 
75 
post-operative 
5 days 
MCC 
280 
210 
190 
230 
200 
350 
210 
235 
350 
190 
160 
320 
225 
405 
295 
195 
565 
210 
490 
395 
225 
235 
260 
235 
155 
130 
365 
ВС 
21 
11 
18 
11 
9 
33 
7 
18 
10 
15 
15 
16 
5 
18 
20 
21 
27 
19 
17 
20 
7 
9 
10 
7 
7 
3 
14 
6 weeks 
MCC 
610 
520 
600 
510 
510 
700 
510 
620 
500 
590 
450 
495 
550 
440 
700 
400 
700 
665 
700 
670 
605 
790 
800 
600 
375 
585 
505 
ВС 
42 
31 
42 
32 
45 
80 
41 
48 
28 
34 
32 
49 
50 
18 
63 
27 
85 
36 
35 
33 
95 
37 
90 
42 
13 
39 
26 
6 months 
MCC 
800 
680 
640 
550 
580 
720 
470 
650 
680 
640 
405 
600 
600 
400 
600 
245 
510 
655 
715 
505 
500 
670 
690 
535 
435 
465 
600 
ВС 
65 
50 
34 
40 
38 
95 
40 
43 
45 
38 
28 
50 
58 
23 
60 
48 
57 
82 
41 
95 
78 
37 
37 
23 
24 
39 
31 
MCC= maximum capacity measured during cystometry; ВС: bladder compliance at MCC. 
Mean MCC 6 to 12 months after the implantation of the sacral anterior root stimulator, 
was 575 ml ± 122 ml (range 400 to 800). Mean bladder compliance was 48 ± 20.2 
ml/cm H20 (range 23 to 95, figure 1С). The detrusor pressure at MCC was less than 30 
cm H20 in 25 patients (table 3). None of the patients had detrusor pressures of greater 
than 40 cm H20 at MCC. Both patients with the secondary rhizotomies at the level of the 
conus medullans could use the stimulator for daily bladder emptying after the secondary 
procedure. The MCC in patient no. 14 was 400 ml and the bladder compliance 23 ml/cm 
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H20. In patient 25 these figures were 437 and 24, respectively. The dilatation of the 
upper urinary tract disappeared in both patients within 6 weeks after the secondary 
operation, which indicates that the changes of the upper urinary tract were mainly 
influenced by the bladder compliance. 
Figure 2A: Aspect of the bladder at cystography (patient no. 5) 19 yrs after spinal cord injury 
Figure 2B: Control cystography (patient no 5) 6 weeks after complete posterior rhizotomies and 
implantation of intradural electrodes a subcutaneous receiver. 
Table 3 Distribution of detrusor pressure at MCC after 6-12 months 
Detrusor pressure No of patients 
(cm H20) 
0 - 5 
6 - 10 
1 1 - 1 5 
1 6 - 2 0 
21 - 25 
26 - 30 
31 - 35 
36 - 40 
0 
2 
1 
2 
15 
5 
1 
1 
70 г 
60 -
50 -
40 -
30 -
20 -
10 - - Ι ­
Ο L — I 1 1 1 1 1 1 
Pre op 5 days ' 6 weeks ' Б 12 m o n t h s ' 
Figure ЗА Mean bladder compliance preoperative and 5 days, 6 weeks and 6-12 months 
postoperative (values ± S D ) 1 compared to preop Ρ < 0,05, 2 compared to preop Ρ < 
0,1, compared to 5 days Ρ < 0,01 3 compared to preop Ρ < 0,05, compared to 5 days Ρ 
<0,01 
The preoperative and postoperative bladder compliance, and maximum capacity during 
cystometry are depicted in figure ЗА and 3B. 
Preoperatively, all male patients had reflex erections, which were adequate for sexual 
intercourse except in patients 14, 21, 25 and 26. Postoperatively, in 8 patients erections 
adequate for intercourse were evocable by electrical stimulation In patient 8, 11, 14, 20, 
21 and 25 erections were not achieved with electrical stimulation. 
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Figure 3B Mean maximal capacity measured during cystometry preoperative and 5 days, 6 
weeks and 6-12 months postoperative (values 1 ± S D I ' compared to pre-op and 5 days Ρ 
< 0,01 
DISCUSSION 
Bladder compliance can be hampered by several pathological conditions In spinal cord 
injury patients compliance may be impaired by fibrosis, smooth muscle hypertrophy or 
parasympathetic denervation " " Several authors have stressed the risk of low bladder 
compliance and subsequent high intravesical pressures for upper unnary tract 
deterioration 2 0 2 1 Denervation of the detrusor interrupts the micturition reflex arc, and 
therefore, reduces or abolishes detrusor hyperreflexia and concomitant high intravesical 
pressures 
Denervation of the detrusor to decreaese or abolish detrusor hyperreflexia may be 
peripheral or central. Peripheral denervation can be obtained by bladder distension,22 
transection of the bladder 23 or perivesical dissection.24 but since these techniques have 
proven to be only temporarily and partially effective, clinical use is limited. Central 
denervation is performed by severing those anterior or posterior sacral nerve roots that 
contain nerve fibers innervating the detrusor,25 between the myelum and the point at 
which the roots fuse to form a peripheral nerve. 
Classically, central denervation was performed in patients with several neurological 
diseases, among them only a few with complete spinal cord lesions.11142627 Transection 
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was limited to the extradural branches of posterior and anterior spinal sacral nerve roots 
by which electrical stimulation resulted in detrusor contraction. Immediately following 
these procedures, bladder capacity used to increase, resulting in urinary continence, but in 
most patients results at 6 months were disappointing because of recurrent detrusor 
hyperreflexia and low compliance. Other authors reported on dorsal root 
ganglionectomy813 or rhizotomies of posterior sacral nerve roots only,7 in patients with 
incomplete as well as complete spinal cord injuries. 
Complete bilateral intradural posterior sacral root rhizotomies from S2, S3, S,, and S5 in 
combination with implantation of a Finetech-Brindley anterior sacral root stimulator were 
introduced with good clinical results in patients with complete spinal cord injury.28 These 
results were confirmed by reports from other authors.29'30 We have studied bladder 
compliance after bilateral intradural rhizotomies of all posterior sacral root components of 
S2, S,, S4 and S5 in spinal cord injured patients. We found a decrease in bladder 
compliance during the first few days followed by a rapid increase in bladder compliance 
in the period thereafter. With a maximum follow up of 4,25 years, no recurrence detrusor 
hyperreflexia nor development of low bladder compliance was noted. After 1 year bladder 
compliance is significantly higher than before the rhizotomies (figure ЗА). 
In 2 patients with intradural fibrosis at the level of the cauda equina, it was impossible to 
transect all posterior sacral root components from S2 to S3. As a result, postoperative 
stimulation provoked reflex activity and prohibited urethral relaxation between stimulation 
bursts.7 In these patients persistent low bladder compliance was found. These patients 
underwent reoperation and after posterior sacral root rhizotomies at the level of the conus 
medullaris the bladder compliance improved. Obviously, rhizotomies of all posterior 
sacral root components from S2 to S5 are essential, not only to guarantee complete 
detrusor areflexia but also to prevent the development of low bladder compliance. 
It's noteworthy that 5 days postoperatively bladder compliance was decreased in the 
majority of the patients. It is unlikely that the rhizotomies are responsible for this effect, 
because not all patients showed deterioration in compliance. Mucosal irritation due to the 
post-operative indwelling catheter could account for this effect. The same phenomenon is 
also noticed during urinary tract infections after posterior sacral root rhizotomies.10 The 
initiation of intermittent catheterization in the early postoperative phase probably would 
improve bladder capacity and compliance. In our study cystometry was performed in 
some patients a few days after the initial cystometry test at 5 days to reset the stimulator. 
These measurements always showed a much better bladder compliance and capacity than 
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did the cystometry after 5 days Transurethral indwelling catheterization was continued 
for 5 days because of nursing comfort 
The major advantage of complete bilateral rhizotomies is the development of low pressure 
detrusor areflexia by transecting all afferent pathways of the sacral spinal nerve roots 
This permits urinary continence and reduction of the risk of upper urinary tract 
deterioration Selective rhizotomies, comprising only those postenor sacral roots in which 
stimulation results in detrusor contraction, are able to increase in bladder capacity but 
they do not rule out detrusor hyperreflexia completely '6 Toczek et al proved that this is 
caused by activation of alternative sacral reflex pathways that were secondary and inactive 
during initial electrical stimulation " Since in our study detrusor hyperreflexia did not 
recur, bilateral section of all posterior root components from S2 to S¡ seems to be 
mandatory to create long term detrusor areflexia 
In 3 patients stimulation was only effective for a short period To date these patients are 
continent day and night but they must empty the bladder by intermittent catheterization 
Cystometry after 1 year showed good bladder compliance Apparently, the absence of 
detrusor contractions provoked by electrical stimulation did not result in decrease of 
bladder compliance 
Preoperative autonomic dysreflexia was present in 5 patients with a cervical lesion, and 
resolved completely postoperatively in 3 and partially in 2 In the latter 2 patients 
autonomic dysreflexia is present occasionally during stimulation but not so severe as to 
prevent use of the implant Most likely, ventral afferent fibers are responsible for the 
persistent autonomic dysreflexia 
Long term side effects of the procedure were limited Since all patients had a complete 
suprasacral spinal cord injury, no change in sacral dermatome sensibility was observed 
Postoperatively, all male patients lost penile reflex erections Pharmacological auto-
ínjection therapy was offered to the 6 patients in whom erection was not electrically 
evocable and they all achieved a full erection with a low dose of the combination of 
papaverine and phentolamine Of the 6 patients 3 participated in the auto-injection 
program Apart from that, the loss of penile reflex erections was never mentioned by our 
patients as being important for quality of life Long-term side effects on bowel emptying 
were limited After 3 months 35 % of the patients were able to defecate solely with the 
stimulator, which was of great advantage for the patients since consecutive bladder and 
bowel emptying without the further need for drugs was possible In the remaining patients 
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the preoperative situation for bowel emptying had resumed. In some of them the 
stimulator was helpful to bring the bowel content to the distal rectum. 
CONCLUSION 
We described the change in bladder compliance and capacity after complete rhizotomies 
of posterior sacral root components S2 to S5 in spinal cord injured patients. In all patients, 
bladder compliance normalised and capacity increased. It appeared that incomplete 
rhizotomies resulted in low bladder compliance. In this case, second stage rhizotomies at 
the level of the conus medullans are recommended. The disappointing experiences with 
central denervation procedures described earlier in the literature were probably caused by 
incomplete rhizotomies Therefore, surgical detrusor denervation techniques should 
include a transection of all posterior sacral roots from S2 to S5. For this reason it is 
doubtful whether patients with intact sacral sensibility are suitable candidates for this 
procedure. We conclude that the procedure as discussed is safe and effective in patients 
with urological problems due to complete suprasacral spinal cord injury. 
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Chapter 7 
SELECTIVE SACRAL ROOT STIMULATION FOR 
BLADDER CONTROL 
Acute experiments in an animal model 
Evert L. Koldewijn, Nico J.M. Rijkhoff, Philip E.V. Van Kerrebroeck, 
Frans M.J. Debruyne, Hessel Wijkstra. 
Journal of Urology, 151, 1674-1679, 1994 
ABSTRACT 
High bladder pressure is a potential side-effect of post stimulus voiding, used to date for 
stimulation induced bladder empty mg in spinal cord injured patients. To prevent this side 
effect, selective activation of the bladder without activation of the urethral sphincter by 
selective stimulation of sacral roots was studied in a canine animal model. On-line 
registration of bladder, urethral and rectal pressure was performed, and EMG of tail 
muscles and urethral sphincter was recorded After laminectomy, intradural left and right 
sacral root S2 were stimulated with a tripolar cuff electrode. A self made stimulator 
generating adjustable pulse shapes was used. Using 200 μί rectangular pulses, 
contraction of bladder and urethral sphincter could be elicited. Selective activation of the 
bladder occurred with pulses of 600-800 μ5 due to anodal blocking of the large nerve 
fibers in the sacral roots. 
During acute animal experiments we were able to achieve selective activation of the 
detrusor without simultaneous actnation of the external urethral sphincter and complete, 
low-pressure voiding occurred. 
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INTRODUCTION 
Intra- or extradural anterior sacral root stimulation in patients suffering from a complete 
spinal cord injury with intact detrusor innervation has been used to induce unne 
evacuation ' 2 3 A major drawback of anterior sacral root stimulation is the simultaneous 
contraction of striated urethral sphincter muscle and the smooth detrusor muscle.'' This is 
explained by the fact that the ventral sacral root consists of large diameter myelinated 
somatic fibers innervating the urethral sphincter (via pudendal nerves) and small diameter 
myelinated preganglionic parasympathetic fibers innervating the detrusor muscle (via 
pelvic nerves). Hence, anterior sacral root stimulation leads to detrusor sphincter 
dyssynergia with the risk of elevated bladder pressure and incomplete bladder emptying. 
In the literature several methods have been described to overcome dyssynergia and 
residual urine in stimulation induced bladder emptying Jonas and Tanagho introduced the 
technique of post stimulus voiding " This method is based on the fact that, after 
stimulation, the striated urethral sphincter muscle relaxes faster than the smooth detrusor 
muscle, allowing for complete bladder emptying during the periods of urethral relaxation. 
Apart from the possibility of induction of high detrusor pressures, an unwanted side effect 
is movements of the lower limbs Others proposed pudendal nerve neurotomy and 
levatorotomy to reduce outflow resistance35 The obvious drawbacks are irreversibility, 
extend of surgical trauma and unbeatable incontinence A third method used to achieve 
complete bladder emptying is to reduce outflow resistance by fatiguing the urethral 
sphincter with high frequency electrostimulation.6 No clinical application about this 
technique has ever been described, probably because it still induces high outflow 
resistance, which prevents complete bladder emptying A fourth method is that of 
temporal and reversible blockage (collision block) of the induced motor signals through 
the peripheral pudendal nerves as described by Sweeney et al7 This technique implies 
extensive surgery because multiple, central as well as peripheral, stimulation sites are 
needed. To date, from the above mentioned techniques post stimulus voiding is the only 
one in clinical use 
To avoid the aforementioned drawbacks, we investigated a method of sacral root 
stimulation which activates only the bladder and does not activate the urethral sphincter. 
Selective bladder activation comes down to selective stimulation of the small fibers 
(innervating the bladder) within the sacral root Selective stimulation of the small fibers 
can be achieved by removing the induced signals in the large fibers (innervating the 
urethral sphincter) using the anodal block technique. 
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Theory Stimulation of a nerve fiber with cathodal current reduces the membrane 
potential If the stimulation current is sufficiently high, the membrane potential exceeds 
the excitation threshold, initiating an action potential which will run in two directions 
The stimulus needed for excitation depends on the diameter of the nerve fiber- Large 
fibers need less current for their excitation than small fibers At an anode, a reverse 
current will increase the membrane potential, and the fiber becomes hyperpolanzed If 
sufficiently hyperpolanzed, an approaching action potential is unable to depolarize the 
hyperpolanzed membrane to such an extend that excitation occurs Thus propagation of 
the action potential will be arrested This phenomenon is known as anodal blocking of 
action potentials 
Selective stimulation of small fibers can be achieved by anodal blocking because large 
diameter fibers need less current for their blocking than small fibers 8 Since the mean 
diameters of the canine nerve fibers innervating the urethral sphincter and bladder are 9 
to 13 μιη and 5 to 7 /im, respectively,9 the current needed to block the fibers innervating 
the urethral sphincter is lower than the current needed to block the fibers innervating the 
bladder 
In addition to the requirements with respect to current amplitude, pulse duration is also an 
important parameter in achieving anodal blocking Action potentials can only be blocked 
effectively when the pulse width exceeds the time in which the action potentials run from 
cathode to anode When the pulse width is too short, anodal blocking is impossible 
because action potentials will arrive at the anode when the membrane potential is normal 
again w 
The application of an anodal block for selective stimulation of small nerve fibers in nerve 
trunks is mentioned by Kuffler and Vaughan Williams to identify different motor nerve 
fibers in a frog ventral spinal root " Accornero et al succeeded in selective activation of 
95% of small myelinated (delta) axons and unmyelinated (C) fibers in penpheral nerves 
of a cat, without activation of the larger В or A fibers 10 More recently Fang and 
Mortimer also described selective activation of smaller nerve fibers without activating 
large fibers in the same peripheral nerve trunk 8 Bnndley et al performed long-term 
studies on selective stimulation of spinal nerve roots by anodal blocking techniques in 
baboons They even performed acute experiments in humans for electromictuntion but 
concluded that they had not yet succeeded in making the method sufficiently amenable to 
everyday use 1 2 1 3 In this study of acute expenments in an animal model, we investigate 
selective activation of the bladder without activation of the urethral sphincter by anodal blocking 
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MATERIALS AND METHODS 
For this study 10 adult female beagle dogs were used (mean age, 14 months; range 6 to 
17 months; mean weight, 15 kg; range 9 to 16 kg). Anesthesia was induced by 
pentobarbital natrium (30 mg/kg). The dogs were intubated and anesthesia was maintained 
by nitrous oxide Mechanical ventilation, registration of body temperature and monitoring 
of the cardiorespiratory system were performed. The dogs were placed in prone position; 
a warm water mattress was used to maintain body temperature. 
For on-line registration of detrusor, urethral and rectal pressure, microtransducers (7F, 
Gaeltec, UK) and custom made urodynamic equipment (MMS, The Netherlands) were 
used After inserting the microtransducers, pressure samples were recorded at a frequency 
of 4 Hz and data were stored in a personal computer. Bipolar EMG of urethral striated 
sphincter and tail muscles was recorded with self-made equipment. The EMG signals 
were processed using a digital oscilloscope and a personal computer with self-developed 
software. This allowed for on-line and stimulation-triggered EMG registration. The 
bladder was filled with 50 ml sterile saline at a temperature of 20 °C through a 
transurethral catheter (Ch 8) and refilled after voiding. 
A laminectomy was performed from L4 to S2, and the dura mater was opened to allow 
access to the conus medullans and the sacral roots. The second sacral roots were 
identified anatomically and by specific motoric responses on test stimulation with a 
bipolar hook electrode In each animal two asymmetrical tripolar cuff-electrodes (see 
Discussion) were placed on the complete left and right S2 root. 
The tripolar cuff-electrodes consisted of an insulating silicone rubber tube (Fig. 1). Three 
circular contacts made of nickel foil have been mounted inside the tube. The inner cuff 
diameter was 1.5 mm, and the contact separation was 3 mm between proximal and middle 
contact and 6 mm between distal and middle contact. The contact width was 1 mm. The 
leads connecting the cuff consisted of helical wired Cooper-cable containing three isolated 
stainless steel wires (o 50 μπι). After placing the cuff-electrodes, the leads were 
connected to the stimulator The inner contact of each tripolar cuff-electrode was the 
cathode and the two outer contacts were the anodes. 
A self-build stimulator consisting of two synchronized current sources was used. This 
device was capable of adjusting all stimulus parameters as current amplitude, pulse width 
and frequency. These current sources have a common cathode (fig. 1). The cathodal 
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current is the sum of both anodal currents Moreover, since the electrode was 
asymmetric, equal anodal currents would lead to a potential difference between the two 
outer contacts This would result in current inside as well as outside the cuff-electrode 
with the nsk of excitation of other nerve roots in the vicinity of the cuff Therefore, the 
two anodal currents were adjusted in such a way that all current was confined to the 
inside of the cuff 
distal proximal 
Figure 1 Tripolar cuff electrode connected to two synchronized current sources A Anode, 
С Cathode Excitation (depolarization) of nerve fibers occurs at the cathode while blocking 
(hyperpolanzation) occurs at the anodes 
The threshold for initial contraction of bladder and urethral sphincter was determined by 
unilateral stimulating with a slowly increasing current Monophasic rectangular current 
pulses without active charge balancing14 have been used The influences of pulse width on 
blocking threshold of the fibers innervating the urethral sphincter were measured by 
changing the pulse wiath with 50 ^s steps The stimulation frequency was fixed at 30 Hz 
Every stimulation cycle lasted 5 seconds followed by 30 to 60 seconds rest in order not to 
fatigue the detrusor muscle and urethral sphincter At the end of the experiments, the 
dogs were sacrificed using a high dose (200 mg/kg) pentobarbital 
RESULTS 
Test stimulation of left and right S2 roots with a bipolar hook electrode showed the 
highest nse in detrusor pressure with simultaneous contraction of the urethral sphincter in 
8 dogs In two dogs stimulation of left and right S2 root resulted in detrusor response with 
minimal sphincter response 
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Figure 2 Pressure response of bladder (РЫ) and urethra (Puret) to stimulation of right S2 in 
animal 8 Stimulus frequency 30 Hz, pulse width: 200 μ%, cathodal current: 1: 0.13 mA, 2· 
0 14 mA, 3 0.14 mA, 4 0 15 mA 5. 0.16 mA, 6' 0.18 mA, 7. 0 20 mA, 8: 0.22 mA, 9: 0.25 
mA, 10: 0 27 mA, 1 1 0 15 mA, 12. 0.30 mA, 13. 0 32 mA, 14: 0.33 mA, 15' 0.34 mA, 16: 
0 35 mA, 17: 0 40 mA, 1 8 0 50 mA, 19 0 60 mA, 20 0 80 mA, 2 1 : 0.85 mA, 22. 0.15 
mA, 23: 0 90 mA, 24: 0.95 mA, 25 1.00 mA, 26: 1.5 mA. 
0.0 0.1 0.2 0.3 0.4 0.6 0.6 0.7 0.8 
currant (mA] 
Figure 3 Change in pressure responses of bladder and urethra during stimulation with 
increasing cathodal current of left S2 in animal 7. Stimulus frequency: 30 Hz, pulse width: 200 
μ%, a = urethra and b = bladder Up is the deviation from pre-stimulus pressure. 
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Rectangular monophasic pulses of 200 ¿is were used to determine current threshold for 
initial contraction of bladder and urethral sphincter With suprathreshold current, 
contraction of bladder and urethral sphincter with a distinct rise in pressure could be 
elicited (fig 2 and 3) These figures clearly shows that the excitation threshold for fibers 
innervating the urethral sphincter is lower than for fibers innervating the bladder The 
excitation threshold for urethral sphincter contraction ranged from 0 08 to 0 15 m A while 
the threshold for an initial bladder contraction ranged from 0 25 to 0 4 mA 
-
a 
b 
c-
\-γγ 
mSe 
Figure 4 EMG registration of the urethral sphincter during stimulation of left S2 in animal 4 
Stimulus frequency 30 Hz pulse width 200 //s Cathodal current a = 0 15 mA, b = 0 2 
mA, с = 0 5 mA d = 0 7 mA 
The response of the urethral sphincter was also electromyographically measured Figure 4 
shows a typical current dependant urethral sphincter EMG-response dunng stimulation 
The EMG-response of the urethral sphincter and the tail muscles showed activity with the 
same thresholds, indicating a comparable diameter of the nerve fibers innervating these 
muscles With increasing cathodal current, the amplitude of the EMG-response increased 
as well because more nerve fibers were activated With increasing pulse duration, 
thresholds for initial sphincter and bladder response were not influenced 
Blocking of the sacral nerve fibers did not succeed in the first three animals In the last 
seven experiments blocking appeared with pulse widths of 600 800 μ% and current 
amplitude of 0 4 to 0 9 mA (fig 5a and 5b and 6) Although blocking was complete in 
figure 5a and 6 with 0 6 mA, sphincter pressure is not zero because bladder pressure is 
transferred to the urethra during voiding Figure 5b shows complete blocking of the 
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urethral sphincter pressure without influence of bladder pressure. 
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Figure 5a: Pressure response of bladder (РЫ) and urethra (Puret) to stimulation left S2 in animal 
5 with blocking pulses: Stim. freq.: 30 Hz, pulse width: 800 με, cathodal current: 1: 0.1 mA, 2: 
0.2 mA, 3: 0.3 mA, 4: 0.4 mA, 5: 0.5 mA, 6: 0.6 mA, 7: 0.7 mA. 
η 
zì 
ι Д ^ u A u ш ^ЦлшλHдлJJι^WvJЧ^uuAuмдяu^ 
riflllILL^ 
Л
и и 1 Irtinj-jr k^rW^. Рщогу' * Ч г 
6 7 6 
f w / l , k , | W r w y F ï . ™>»V V"» . Г^гИ^г, 
10 11 12 13 
Figure 5b: Pressure response of bladder ІРЫ) and urethra (Puret) with empty bladder and after 
fatiguing the bladder to stimulation left S2 in animal 5 with blocking pulses: Stimulus frequency 
30 Hz, pulse width: 800 //s, cathodal current: 1: 0.1 mA, 2: 0.2 mA, 3: 0.3 mA, 4: 0.4 mA 5 
0.5 mA, 6: 0.6 mA 7: 0.7 mA 8: 0.7 mA (pulse width 150 με), 9: 0.7 mA, 10: 1.5 mA, 11 
2.0 mA, 12: 2.5 mA, 13: 2.5 mA (pulse width 150/¿s) 
To illustrate the influence of pulse duration on anodal blocking, pulse 8 and 13 in figure 
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5b have a pulse duration of 150 μί, which is too short to achieve an anodal block. Pulse 9 
is 800 /is and blocking is possible again. The thresholds for excitation and blocking are 
summarized in the table. 
0.4 0.6 
current(ma) 
1.0 
Figure 6 Pressure response of bladder and urethra to stimulation of left S2 with blocking pulse 
in animal 10 Stimulus frequency 30 Hz, pulse width: 800 ps' A = urethra, В = bladder. Up is 
the deviation from pre-stimulus pressure. 
Table: Excitation thresholds for initial bladder and urethral contraction and blocking current and 
pulse width thresholds of the urethral sphincter in 10 experiments. 
experiment no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
sphincter 
0,11 
0,14 
0,10 
0,15 
0,10 
0,10 
0,10 
0,13 
0,10 
0.08 
excitation 
ImAI' 
bladder 
0,40 
0,30 
0,40 
0,30 
0,30 
0,25 
0,30 
0,35 
0,40 
0,20 
blocking 
I m A I " 
sphincter 
-
-
-
0,90 
0,50 
0,90 
1,30 
0,80 
0,40 
0,50 
(//s)"" 
sphincter 
-
-
-
600 
800 
600 
700 
650 
700 
600 
) Threshold current initial contraction 
') Threshold current initial blocking 
**) Threshold pulse width initial blocking 
When the stimulus current is increased by a long (600 - 800 ^s) pulse the following 
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events take place. First the urethral pressure rises when the threshold for somatic fibers is 
reached At higher current, bladder contraction appears if the current exceeds the 
threshold for small parasympathetic fibers (figure 5a and 6) With a further increase of 
the current, urethral pressure decreases when the current at the distal anode reaches the 
threshold for anodal block The EMG-signals of the urethral sphincter and tail muscles 
show the same behavior When the stimulus rose above the threshold for the motor fibers, 
an increase in EMG-activity were recorded as more motor units are recruited Above the 
threshold for anodal block, EMG amplitude decreases till it completely vanished (figure 
7)· 
It was never possible to block nerve fibers innervating the urethral sphincter immediate 
after placement of the cuff electrodes. Usually blocking occured one or two hours after 
positioning of the cuffs 
ι 1 ' ' ' Π 
β 16 msec 24 32 
Figure 7 EMG-response of the urethral sphincter with blocking pulse of right S2 in animal 6 
Frequency 30 Hz , pulse width 600 Ц , cathodal current a 0 2 mA, b 0,4 mA, с 0,5 mA, d 
0,6 mA, e 0,7 mA, f 0,8 mA 
DISCUSSION 
An ideal method for bladder emptying through electrical stimulation of nerves would 
provide complete low pressure bladder emptying without unwanted lower limb movements 
in patients with complete as well as incomplete spinal cord lesions. Such a method would 
require a minimally invasive surgical procedure. 
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The aim of this study was to investigate experimentally whether the combination of 
cathodal excitation and anodal blocking could be used for selective stimulation of small 
parasympathetic fibers innervating the bladder. In our study we found lower thresholds 
for initial sphincter and bladder contractions than those reported in literature; these ranged 
from 0 08 to 0 15 mA and 0 25 to 0 4 mA, respectively. During intradural sacral root 
stimulation in patients, Bnndley et al found threshold pulse current for somatic fibers 
between 0 3 to 3 0 m A and for maximal detrusor pressure, 5 to 20 mA.12 These 
thresholds are higher then our results This is probably because their electrodes had a 
larger inner diameter then ours With a larger inner diameter, the threshold increases, due 
to leakage of current 15 Tanagho et al reported on effective stimulation parameters of 3 to 
8 mA for bladder evacuation in patients during extradural sacral root stimulation.3 
Variation of current in comparison with our experiments can be due to increased 
impedance at the site of the extradural implanted electrodes 1б 
As was the case with initial sphincter and bladder contraction, blocking current threshold 
were also lower than those reported in the literature Blocking of large fibers appeared 
with pulses of 600 to 800 μ5 and with current amplitudes of 0 4 to 0 9 mA. Bnndley and 
Craggs reported anodal blocking of large fibers in baboon sacral spinal roots with 
rectangular pulses of 900 ¿is '3 Blocking thresholds were higher (> 8 5 mA) than in our 
experiments, probably due to a larger diameter of the electrode Fang and Mortimer, 
using pulses with a square leading edge, a plateau and an exponential trailing phase, 
reported on selective stimulation of small fibers in sciatic nerves in cats, accomplished 
with a pulse width of 350 /xs and a current of 2 0 mA 8 In contrast with the intradural 
spinal nerve root, the sciatic nerve is covered by epineunum and so the impedance to 
extraneural stimulation is probably higher9 Therefore, the threshold current for blocking 
is higher as well 
In contradiction with other reports concerning blocking of peripheral nerves, anodal break 
excitation at the end of rectangular pulses did not occur in our experiments.8 " '7 Only 
Kuffler and Vaughan Williams" and Bnndley and Craggs13 reported the occasional 
absence of anodal break excitation when blocking large fibers of the sacral roots 
Intradural sacral roots have no epineunum and virtually no penneunum,9 so probably 
epineunum or perineurium connective tissue, which can be found in peripheral nerves, 
plays a key role in the generation of anodal break excitation 
The cause of the decrease in blocking thresholds of fibers innervating the urethral 
sphincter dunng the first hours after placing the electrodes is unknown. Probably this 
106 
decrease is due to mechanical induced injury, such as stretching or compression of the 
nerves, although extreme care was taken to prevent any damage when the sacral roots 
were placed in the cuff electrodes. Another reason might be the sudden change of 
environment of the nerve fibers. When the protecting function of the cerebro-spinal fluid 
is absent, metabolic changes might interfere with the responses of the nerve fiber to 
electrical stimulation After a maximum period of 2 hours a new steady state situation 
appears. Since we were unaware of this phenomenon during the first three experiments, 
this might have been the reason that selective stimulation could not be elicited. In 
experiments performed after the ones described in this paper, the dura was closed 
immediately after placing the electrodes The delay in achieving anodal blocking did not 
occur any more, indicating that anodal blocking of intradural spinal nerve roots is not 
only possible in the experimental situation but theoretically also in a clinical setting. 
The EMG response of the urethral sphincter was absent during blocking pulses (fig 7). 
Nevertheless, some increase in urethral pressure was noted (fig. 5a, 6). This can be 
explained by the fact that bladder pressure is transferred to the relaxing urethra during 
contraction of the detrusor muscle when the bladder neck is open and voiding has begun. 
Therefore, the urethral pressure will rise during bladder emptying.18 Moreover, in our 
experimental situation, the 7 F microtip catheter induced partial obstruction in the canine 
female urethra. This might interfere with the pressure measured in the urethra during 
voiding as well. When the bladder pressure is not influencing the urethral pressure, 
complete blocking of the urethral sphincter pressure can be obtained (figure 5b). 
To investigate the influence of afferent fiber stimulation on the urethral pressure, in a few 
experiments we transected the spinal roots proximal of the electrode before sacrificing the 
animals. It appeared that the flow improved, but the urethral pressure did not decrease 
during selective stimulation. This indicates that reflex activity, elicited by afferent nerve 
stimulation, influenced the urethral resistance, but did not influences the urethral sphincter 
pressure as measured with the microtip catheter. Probably extra-urethral tissue is activated 
during selective stimulation of the whole intradural sacral root, suggesting the need for 
only ventral sacral root stimulation 
It is well known that prolonged electrical stimulation can induce damage to the nerve 
tissue, although the exact mechanism by which damage takes place is still unclear." In 
1955 Lilly et al reported that neural tissue damage was undetectable if stimulating 
current pulses were followed by a current pulse in the opposite direction.14 These so-
called actively charge balanced stimulating pulses were not used in our experiments. The 
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reason for this is chiefly that it is much easier to use unbalanced pulses, but it will be 
added to the stimulation set up when a clinical application in humans begins However, 
there is no evidence to date that the short periods of active stimulation for 
electromictuntion, maximal 2 minutes spread over 24 hours, induces nerve damage.1 
In this paper we have focussed on selective stimulation of the bladder. Because ventral 
sacral roots contain afferent (sensory) fibers as well,2021 this technique can not be 
effectively used in patients with incomplete spinal cord injury due to induction of pain 
sensation. Hence, a stimulation method capable of blocking antegrade action potentials to 
the urethral sphincter and of retrograde action potentials of all myelinated fibers to the 
spinal cord during the same pulse is needed For this latter possibility, also small fibers to 
the spinal cord need to be blocked and therefore the anodal current proximal of the 
cathode (fig 1) has to be higher than the current at the distal anode needed to block the 
urethral sphincter only To prevent current flow outside the cuff electrode by a difference 
in electrical potential between the outer contacts, asymmetrical electrodes have to be 
used 
Our study in acute experiments shows that selective activation of the detrusor is possible 
without simultaneous activation of the external urethral sphincter due to anodal blocking 
of large myelinated somatic nerve fibers to the urethral sphincter Comparative 
morfometnc studies have shown a considerable similarity in sacral roots in dogs and 
humans 9 It is expected, therefore, that selective stimulation is possible in patients. A 
challenge for further study, is the application of this method in patients with complete 
spinal cord injury 
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Chapter 8 
PREDICTORS OF SUCCESS WITH NEUROMODULATION 
IN LOWER URINARY TRACT DYSFUNCTION 
Results of trial stimulation in 100 patients 
Evert L. Koldewijn, Peter F.W.M. Rosier, Eric J.H. Meuleman 
Anja M. Koster, Frans M.J.Debruyne, Philip E.V. Van Kerrebroeck 
Journal of Urology (in press) 
ABSTRACT: 
Chronic lower urinary tract dysfunction can be treated by sacral neuro-stimulation 
Clinical parameters for selection of patients for this expensive and invasive treatment 
modality are not well defined to date Therefore, before implantation of a permanent 
stimulator, the effect is tested by temporary implantation of a wire electrode connected to 
an external stimulator According to the literature, many patients do not respond during 
temporary implantation and a mean of 25 % of patients with a permanent stimulator 
implanted fail to respond as well To improve patient selection, we attempted to define 
clinical parameters to predict the outcome of sacral neuro stimulation in 100 consecutive 
patients who were tested with temporary sacral stimulation A total of 34 patients 
presented a complete cure on trial stimulation It appeared that detrusor overactivity and 
urethral instability responded best bur they were not predictors of success We conclude 
that neither gender, patient age, history nor diagnosis are predictors of success in sacral 
neuro-stimulation of lower urinary tract dysfunction 
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INTRODUCTION: 
Chrome lower urinary tract dysfunction, such as motor urge incontinence, the urgency-
frequency syndrome, the pelvic pain syndrome, and bladder evacuation problems, is a 
challenging therapeutic problem During the last decades, functional electrical stimulation 
has gained interest for the treatment of chronic lower urinary tract dysfunction1534 
Different stimulation sites have been reported to be successful Results have been 
published with electrodes positioned in the vagina1 or anus,2 on the skin of the buttocks in 
the vicinity of the pudendal nerves3 and inside the bladder4 In 1981, Schmidt et al 
started a clinical trial on the effectiveness of transcutaneous neuro-stimulation applied to 
the foramen of S2, S3 or S4 56 The mode of action of this method is still unclear but it is 
hypothesized that the electrical current modulates reflex pathways involved in the filling 
and evacuation phases of the micturition cycle This method is also called sacral 
neuromodulation 7 
Sacral neuromodulation is planned as long term treatment8 To select patients for 
permanent implantation, they are first tested by a 3 - 7 day trial stimulation. During this 
trial a wire-electrode connected to an external stimulator is positioned percutaneously in 
one of the sacral foramina near a sacral root Patients with a good clinical or urodynamic 
response are candidates for permanent treatment by means of a surgically implanted 
electrode and stimulator8 
Schmidt et al reported on temporary trial stimulation in 1,028 patients5 Considering all 
dysfunctional lower urinary tract syndromes, an overall success rate of 66 % was 
reported In only 87 (13%) of these patients has a permanent stimulator been implanted, 
which indicates that only a small number of the patients undergoing trial stimulation are 
possible candidates for definitive implantation 
Several physicians reported on the effectiveness of permanent sacral 
neuromodulation 5 7 '1 0 in case of urge incontinence 6 0 - 7 5 % of the patients with a 
permanently implanted stimulator achieved major benefit from the procedure.57 For 
chronic urinary retention this figure was 71% ' In case of pelvic pain syndrome 49% 
improvement is reported 10 Apparently, a number of patients who responded well on trial 
stimulation fail to respond after permanent implantation 
To define the selection criteria for this procedure, we attempted to determine clinical 
factors that could predict successful outcome of sacral neuromodulation. 
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MATERIALS AND PATIENTS 
Between June 1990 and August 1993, 14 consecutive male and 86 female patients with 
therapy resistant lower urinary tract dysfunction underwent temporary sacral 
neuromodulation. Mean age of the patients was 42 years (range 13 to 67). 
All patients underwent comprehensive evaluation consisting of history, physical 
examination and urodynamic investigation. To exclude other lower urinary tract 
pathological conditions, urine culture, cytology, cystoscopy and, when indicated, imaging 
of the upper urinary tract were performed Biopsies of the bladder were performed when 
patients had intensive frequency and pinpoint petechial haemorrhages at cystoscopy. 
Patients were selected for percutaneous trail stimulation based on failed extensive 
previous treatment with oral medication, behavioral therapy, surgery or a combination of 
these methods. Patients admittance to the study was voluntarily after informed consent. 
In all patients urodynamic investigations were performed according to standards 
recommended by the International Continence Society, consisting of medium-fill water 
cystometry (10 - 100 ml/min) with water at room temperature." In case of an acontractile 
bladder, a rapid-fill ice water test was performed. Bladder and rectal pressures were 
measured using microtip catheters After cystometry, the patients were asked to void for 
pressure-flow analysis Based on the urodynamic findings, lower urinary tract dysfunction 
was expressed as normal, overactivity (unstable detrusor contraction greater than 15 cm 
H20), underactivity (residual urine less than 100 ml and detrusor pressure less than 50 cm 
H20), urethral instability (urine loss without detrusor contraction or abdominal stress) or 
stress incontinence. 
Neurourophysiological investigation (NUPHI) was performed 44 patients all having 
abnormal results with neurological physical examination, such as abnormal anal sphincter 
tone, anal skin reflex, bulbocavemosus reflex, deep tendon reflex of quadriceps and 
soleus muscles, or extensor plantar reflexes. NUPHI consisted of 4 tests: two cortical 
somatosensory evoked potential measurements (SSEP) from postenor tibial and pudendal 
nerve and two sacral reflex latency recordings These tests have been described 
previously.12 The pudendal SSEP were obtained by stimulation on the dorsum of the penis 
or on the clitoris Sacral reflexes were obtained by stimulation on the same site as the 
pudendus SSEP and by stimulation with the aid of a special balloon catheter (Browne, 
USA) in the proximal urethra for bulbocavemosus reflex (BCR) and urethro-anal reflex 
(UAR) latencies respectively. The registration of both sacral reflexes was performed with 
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a concentric needle electrode (Dantec, Denmark) in the external anal sphincter (females) 
or bulbocavemosus muscle (males). In case of abnormal NUPHI findings, a 
differentiation was made between central (abnormal evoked potentials) or peripheral 
(abnormal sacral reflex latencies and normal evoked potentials) conduction disorders. 
All patients underwent percutaneous trial stimulation of the sacral root S3 on the left and 
nght side according to the technique descnbed by Schmidt et al.13 After disinfection, local 
anaesthetic was injected into the skin and subcutaneous tissue in the area of the S3 
foramen The skin and the fascia overlying the parasacral muscles were punctured with a 
20-gauge 2 inch angiographic catheter needle (Becton Dickinson, USA) and positioned in 
the area of the S3 foramen. After the needle of the angiographic catheter was removed, 
while leaving the isolating sheath in place, a 22-gauge Vh inch spinal needle (Sherwood 
Medical, UK) was fed through the sheath. The sacral foramen was identified by slowly 
and gentle probing with the needle. Once identified, the needle was connected to a 
stimulator (monophasic pulses, 0-10 mA, 25 Hz and 200 μ$) and the somato-motor 
reactions could be observed A typical S3 response is a visible bellow-like contraction of 
the pelvic floor and plantar flexion of the first and second toes The patient feels a pulling 
sensation in the rectum, with variable sensations being perceived in the scrotum and penis 
by men or in the labia and vagina by women. When an insufficient S3 response was 
obtained, foramina S2 and S., were punctured in the same manner. Only when an adequate 
S3 response in one of the sacral foramina was observed was the spinal needle removed 
while leaving the plastic cannula of the angiographic catheter in place. A Flexon 3-0 
multifilament stainless steel coated wire (Davies & Geek, UK) was than placed through 
the catheter When motor and sensory responses on stimulation with the wire electrode 
equaled the response obtained with the spinal needle electrode the wire was fixed and 
connection to the external stimulator. The patient was instructed on how to set the 
amplitude of the stimulator and took the stimulator home. The amplitude was set at 
maximal tolerable level. After a minimum of 3 days the clinical and, eventually, 
urodynamic effects were noted After reevaluating the somato-motor response on 
stimulation assuring persistent correct placement of the wire electrode, the percutaneous, 
wire was removed. 
The effect of the trial stimulation was evaluated by history. Patients with primary 
incontinence complaints were asked how many diapers or pads they needed during the test 
days Patients with primary urinary retention were asked to record the amount of residual 
urine in the bladder by intermittent catheterization after voiding Patients with primary 
frequency were asked to record the number of visits to the toilet and those with primary 
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urgency or pain complaints were asked to estimate the improvement in symptoms on a 
scale of 1 to 10 The outcome was expressed as perfect (more than 90% improvement of 
complaints), moderate (between 50 to 90 % improvement), slight (between 10 and 50% 
improvement) and none (no improvement of worsening of complaints). A 3-day 
micturition diary and urodynamic investigation were performed when indicated 
STATISTICAL ANALYSIS 
A Kruskal-Wallis test was used to compare the data for significant difference in the effect 
of neuromodulation between different groups For pair-wise comparisons, Wilcoxon two 
sample test was used 
A logistic regression technique was used to determine predictors of success in 
neuromodulation The classifications used were response variable neuromodulation more 
than 90% improvement versus less than 90% improvement Independent variables were 
history versus no history, patient age older than 40 years versus 40 years old or younger 
and gender Diagnosis was reclassified into 2 dummy variables overactivity/urethral 
instability versus underactivity/pelvic pain/interstitial cystitis and underactivity versus 
overactivity/urethral instability/pelvic pain/interstitial cystitis Complaints were not 
included in the model, since there was a clear dependency between complaints and 
underactivity The significant level was set as 0 05 
RESULTS 
The main complaint was urge incontinence in 46 patients, incomplete bladder emptying in 
23, urgency and frequency in 13, a combination of urge and stress incontinence in 10, 
dysuna or pelvic pain in 5 and stress incontinence in 3 The mean period of complaints 
was 5 years (range 1 to 20) In all patients previous oral medication had failed Other 
treatment options were used in 59 patients, such as pelvic floor training, bladder training, 
bladder rinsing with dimethyl sulfoxide, treatment by a psychiatrist or electrostimulation 
techniques other than sacral neuromodulation A total of 21 patients had a history of 
surgical treatment for lower urinary tract dysfunction, consisting of bladder distention in 
11, bladder neck incision in 3, urethrotomy in 1, bladder neck suspension in 2 and 
sphincter prosthesis in 1 
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In 78 patients a medical event preceded the onset of the complaints hysterectomy in 18, 
bladder neck surgery in 13, combination of hysterectomy and bladder neck surgery in 16, 
surgery for a prolapsed intervertebral disc in 10, transurethral resection of the prostate or 
prostatectomy in 4, other surgery in the pelvic region in 10, diabetes mellitus in 2 and 
incomplete spinal cord injury in 5 A total of 22 patients did not have any specific disease 
or health problem before the complaints began 
Urodynamic evaluation revealed detrusor overactivity in 52 patients and detrusor 
underactiviy in 24 Urethral instability was noted in 5 patients No patient had stress-
incontinence on urodynamic investigation In 19 patients with primary urgency or pain 
complaints no abnormal urodynamic investigation was found according to ICS entena " 
In 14 of these 19 patients cystoscopy revealed pinpoint petechial haemorrhages on 
cystoscopy and biopsy showed mastcells in the detrusor smooth muscle Diagnosis was 
interstitial cystitis In the remaining 5 patients no abnormal cystoscopy was noted and 
diagnosis was the pelvic pain syndrome Of the 44 patients who underwent a NUPHI 18 
(41%) had no abnormalities, 10 (23%) had central and 16 (36%) penpheral conduction 
abnormalities Lower urinary tract dysfunctions in all patients with an abnormal NUPHI 
result were classified as neurogenic Diagnosis included neurogenic overactivity in 9 
patients, nonneurogenic overactivity in 43, neurogenic underactivity in 11, nonneurogenic 
underactivity in 13, the pelvic pain syndrome in 5, interstitial cystitis in 14 and urethral 
instability in 5 
Electrical stimulation in the S3 foramen showed typical S3-responses in 86 patients 13 In 14 
patients only a partial response was obtained that is typical sensor or motor effect In only 
2 patients did stimulation in the S4 foramina reveal improved typical S3 responses The 
mean interval from skin puncture with the needle until positioning of the wire electrode 
was 16 minutes No complications were seen during acute testing Seven patients 
complained of pain in the area of puncture during trial stimulation 
The mean trial stimulation period was 3 days Evaluation was performed by means of 
history in all patients Micturition diaries were used in the first 12 patients but they 
revealed no additional information for the rough scaling of tnal stimulation results into 
the 4 catagones Urodynamic investigation was performed in 3 patients for scientific 
interest (figure 1 and 2) Table 1 shows the results of trial stimulation in relation to the 
diagnosis Statistical analysis revealed a significant difference among the three diagnostic 
groups (Kruskal-Wallis p=0 05) Pair-wise comparison demonstrated that the 
overactivity/urethral instability group reacted significantly better on tnal stimulation than 
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the pain/interstitial cystitis group (Wilcoxon, ρ = 0.014). 
Figure 1: Cystometry results in 18-year-old woman with severe urinary urgency and frequency, 
and daytime urinary incontinence without typical history During cystometry uninhibited 
detrusor contractions were found Filling cystometry was not performed on a flow chair, so 
urine loss was visually noted by investigator Electromyographic (EMG) activity during flow is 
noise. Р
ь
,
й
, bladder pressure. Ρ.
Μ
, abdominal pressure. Pd„„ detrusor pressure. Vol, volume. 
Table 1: Results neuromodulation (N = 100, percentage between brackets) 
Perfect 
Moderate 
Slight 
None 
median result 
on neuromodulat 
All 
N = 
34 
13 
15 
38 
on 
100 
Overactivity 
urethral instability 
N = 57 
22 (39) 
8 (14) 
10 (18) 
17 (30) 
moderate' 
Underactivity 
N = 2 4 
9 (38) 
2 (81 
3 (13) 
10 (42) 
slight 
Pain Interstiti. 
cystitis 
N = 19 
3 (16) 
2 (11) 
2 (11) 
12 (63) 
none 
vertical percentaged 
" Wilcoxon, ρ = 0.014 
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Figure 2: At sacral foramen electrode trial, this patient was dry and had normal micturition 
frequency during daytime. Cystometry during stimulation showed normal detrusor function. 
EMG, electromyography. PbM, bladder pressure. PM, abdominal pressure. Ρ„„„ detrusor 
pressure. Vol, volume. 
Table 2 summarizes the results of trial stimulation in relation with neurophysiological 
testing. Statistical analysis demonstrated no significant difference among the 3 groups 
(Kruskal-Wallis, ρ > 0.05). 
Table 2: Results neuromodulation and neurophysiological testing (N=44, percentage between 
brackets) 
Perfect 
Moderate 
Slight 
None 
Normal 
4 (22) 
3(17) 
4 (22) 
7(39) 
Central disorders 
3 (30) 
1 (10) 
2 (20) 
4 (40) 
Pe ipheral disorders 
6(38) 
2 (13) 
3(19) 
5(31) 
vertical percentaged 
Kruskal Wallis: Ρ > 0.05 
119 
Table 3 shows the outcome of logistic regression analysis. It appeared that statistical 
analysis did not reach a significance difference, indicating no single predictive factor for 
success in gender, age, history or diagnosis. 
Table 3: Results of predictors of success analysis in neuromodulation (N = 100) 
Parameter 
gender 
Age 
History 
Female 
Male 
> 40 
< 40 
Previous 
Blanc 
Diagnosis 
Overactivi ty/Urethral mst. 
Underactivity 
Pelvic pain/interstit ial cyst 
factor 
(odds ratio) 
7.9 
1.0 
1.9 
1.0 
1.6 
1.0 
3.3 
3 3 
1 0 
95 % confidence 
interval 
0.9 - 66 1 
0.8 - 4.8 
0.5 - 5.9 
0 8 - 13.7 
0.7 - 17.3 
p-value 
0 06 
0.15 
0.45 
0.11 
0 12 
Example: the factor or odds ratio for success in neuromodulation is estimated to be 7.9 t imes 
higher for female than for male patients, w i th 9 5 % confidence interval 0.9 - 66.1 The 
difference is not signif icant. For the other parameters, such as age, the factor of success for 
patients older than 40 years is only 1 9 times higher than for patients 40 years or younger. 
DISCUSSION 
Electrical stimulation has proven to be successful in many different fields of medicine 
such as cardiac pacing, pain management, scoliosis treatment, management of peripheral 
vascular diseases and diaphragmatic paralysis.14 Moreover, electrical stimulation is simple 
and nondestructive.15 Sacral neuromodulation has been applied in a wide range of 
different voiding disorders.5 Despite many articles on this subject, no effort has been 
made to focus on indications for this treatment option in more detail. We investigated 100 
consecutive patients with lower urinary tract dysfunction to determine clinical parameters 
that predict efficacy of sacral neuromodulation. 
To date, several theoretical models exist to explain the working mechanism of 
neurostimulation in human with chronic lower urinary tract dysfunction. Some physicians 
hypothesize that bladder overactivity results from defective or insufficient central 
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inhibitory control systems '5 Inhibition might be enhanced by reinforcing alternative 
inhibitory systems by electrical stimulation ls Others hypothesized that detrusor 
overactivity is the result of the insufficient striated urethral sphincter tone 16 Enhancing 
the sphincter tone by electrical stimulation would result in a suppressive effect on the 
irritable smooth muscle of the detrusor by exerting a reflex inhibitory response.16 Bladder 
underactivity may be the result of an imbalance between excitatory and inhibitory reflex 
mechanisms It has been demonstrated in animal experiments that electrical current, when 
applied intravesically, activates bladder mechanoreceptor afférents (Αδ-fibers) directly 
which may elicit reflex detrusor contractions '7 It seems reasonable to accept that 
electrical stimulation of spinal roots through sacral foramina is also able to activate these 
mechanoreceptor afférents Pain awareness, as a result of a complex summation of 
nociceptive and non-nociceptive activities on spinal cord interneurons, will be modulated 
by enhancement of input through large myelinated afférents that do not conduct pain into 
the spinal cord Muscle contraction in the vicinity of the pain, would result in more 
efficient suppression of pain lft The rationale for using electrostimulation in stress 
incontinence is still somewhat unclear Some state that chronic electrostimulation induce 
hypertrophy of striated muscle fibers of the urethra resulting in an increased fatigue 
resistance " Others reported that the success of electrostimulation in stress incontinence is 
the result of a type of artificial muscular training with an effect similar to that of active 
pelvic floor training 15 The latter explanation is true only in case of electrostimulation by 
vaginal or anal electrode 
Overall, 34 patients had a perfect response on temporary neuromodulation Patients with 
overactivity/urethral instability showed a better response than those with the pelvic pain 
syndrome/interstitial cystitis Comparison of the results of neurophysiological 
investigation and the outcome of trial stimulation did not show any significant correlation. 
Female patients tended to respond better than male patients, although gender was not a 
statistical significant predictor of success (table 3) Overall, the statistical analysis 
revealed no single clinical parameter that could predict success 
Apparently, the aptitude for sacral neuromodulation is unpredictable and, therefore, only 
the clinical outcome of a trial stimulation can reveal suitable candidates for permanent 
implantation 5 Many explanations are possible for this finding, one of which may be that 
not enough patients were included in this study By increasing the number of patients, 
parameters that are nearly significant, such as gender could become significant. Another 
possible explanation might be, that the result of neuromodulation is determined by 
psychological factors Although several researchers describe a neurophysiological 
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explanation for the observed clinical effect of electrical stimulation in voiding 
dysfunctions, most of these studies were performed in animals ' '7 Since we have not 
measured psychological characteristics in our patients, it is unclear if these characteristics 
can yield predictors of success in neuromodulation Another reason might be that 
quantifying the result of neuromodulation in terms of urodynamic parameters might reveal 
predictors of success One might expect that symptomatic improvement during 
neuromodulation also results in improvement of urodynamic parameters in terms of 
absence of detrusor instability, improvement in detrusor contraction during voiding or 
increased bladder capacity On the other hand, symptomatic improvement does not always 
result in objective urodynamic parameters as well, indicating that cystometry is not a 
reliable instrument to record therapeutic effects on the dysfunctional detrusor2021 
Since no data are available on the relation between the success rates of tnal stimulation 
compared to permanent implantation, we were only interested in the patients who 
responded with good clinical or subjective result on tnal stimulation Moreover, the 
distinction between moderate and slight success is to our opinion hard to make and it 
remains controversial whether a patient with urinary incontinence is really (socially) 
improved when the number of napes is, for instance, reduced from 6 to 3 a day 
Since most of the patients were referred to our clinic by other urologists only for testing 
the aptitude for neuromodulation, patients who failed to respond on trial stimulation are 
lost from follow up From the twelve patients who failed to respond in our own practice, 
2 with severe urge incontinence have had augmentation cytoplasty, 4 with severe urge 
incontinence take part in a new trial with a anticholinergic agent, 3 with unnary retention 
continued intermittent catheterization and cystectomy was recommended in 3 with 
interstitial cystitis 
Although the mode of action of neuromodulation is uncían Tied, remarkable results can be 
obtained in patients with lower unnary tract dysfunction who fail to respond on 
conservative treatment options Unfortunately, more than 25% of the patients who 
respond well on the percutaneous trial fail to respond with the permanent implant57 ' 
Predictive factors could probably decrease this high number of failures Since predictors 
of success were not found in this study, the clinical response on trial stimulation is the 
only method to select patients for definitive implantation to date Further investigations 
are warranted to focus more in detail on predictors of success and to determine whether 
the high number of failures both in the trial and permanent treatment groups can be 
decreased 
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Chapter 9 
BLADDER PRESSURE SENSORS IN AN ANIMAL MODEL 
Evert L. Koldewijn, Philip E.V. Van Kerrebroeck, Ewout Schaafsma, 
Hessel Wijkstra, Frans M.J. Debruyne, Giles S. Brindley 
Journal of Urology, 151, 1379-1384, 1994 
ABSTRACT: 
Urinary incontinence due to detrusor hyperreflexia might be inhibited on demand if 
changes in bladder pressure could be detected by sensors and transferred into pudendal 
nerve electrostimulation The aim of this study is to investigate how the bladder wall 
reacts on different sensor implants Sensors were implanted in twelve goats In group 1 
(n = 8) real sensors were placed on the peritoneal surface of the bladder dome, between 
peritoneum and muscular layer, and between cerva and bladder In group 2 (n=4), 
dummy sensors were placed between the mucosal and muscular layers During follow-up 
as long as 25 months, urodynanuc studies, radiographic control and urine cultures were 
done In group 1, sensors placed between peritoneum and muscular layer gave the best 
results In group 2, II of the 12 sensors eroded The authors conclude that implantation 
of sensors m the bladder wall is feasible 
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INTRODUCTION: 
Detrusor hyperreflexia is one of the chief causes of urinary incontinence, both in patients 
with known disease or injury affecting the central nervous system and in patients who 
seem to have no neurological disorder except that which affects the bladder. 
Several authors have reported that reflex detrusor contractions can be inhibited by 
electrical stimulation of the pudendal nerves or the sacral segmental nerves, or the 
terminations of fibers of these nerves.1-6 Most of these observations were made during 
short-term experimental or clinical tests but, more recently, clinical and cystometnc 
improvement in patients with detrusor instability or hyperreflexia has been achieved by 
long-term continuous stimulation through electrodes implanted in sacral foramina,78 or by 
long-term stimulation during detrusor contractions through electrodes implanted on the 
pudendal nerves ' Continuous long-term stimulation, though it works well in some 
patients, fails in others 10 One of the authors (G.S.B.) has observed that some patients 
retain reflex detrusor responses if the bladder is filled by catheter during a period of 
continuous pudendal nerve stimulation lasting an hour. However, these responses can be 
inhibited if the pudendal nerves are stimulated only at the beginning of each detrusor 
contraction. Even though the inhibition of the detrusor takes a few seconds, incontinence 
can be prevented because stimulation of the pudendal nerve leads to immediate 
contraction of urethral sphincter and pelvic floor, and this prevents the initial phase of the 
leakage that would have occurred 
The implant of Bnndley and Donaldson' and three similar implants put into other patients 
were useful at first but failed after less than a year because the pressure sensors became 
detached from the bladder The principal aim of the present study is to find a more 
durable way of attaching bladder pressure sensors 
MATERIALS AND METHODS 
Twelve female adult goats (capra hircus, mean age 19,3 months, range 12-23 months; 
mean weight 37,6 kg, range 32,5 - 43,2 kg ) were randomly divided into two groups. 
The 8 goats of group 1 each received three real sensors made chiefly of silicone rubber 
but covered on one (sensor A) or both sides (sensor В and C) with fine Dacron cloth. 
The four goats of group 2 each received three dummy sensors made of a metal nng 
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covered with silicone rubber. The real sensors (fig. 1) were roughly similar to those of 
ref. 9, and were compatible with the electrolytic variable resistor of that paper. The 
dummy sensors (fig. 2) were functionless, but were of a size and shape that would allow 
externally similar real sensors to be made. Before surgery, urodynamic studies were 
performed with microtip catheters (7F, Gaeltec) and custom-made equipment (MMS, 
Enschede). Anesthesia was induced with pentobarbital 30 mg/kg. After intubation and 
artificial ventilation (3,6 It./min) anesthesia was maintained with nitrous oxide (1 lt/min). 
A transurethral catheter was inserted and the bladder was filled with 75 ml sterile saline 
at body temperature. After laparotomy the bladder was exposed. 
i = MI'¡l ir!¡M't|ti j^MI1iMlfMiliM!l'f l11fIJIlt|1iri j l l iI|IUMIMÍ¡*niil»Pl|11IIHIM|IHI¡tfíJ^Mi|I|i i j ltri|ftHffijrj lM 
0 · · / ι Μ " ι 'Ь ',' ·« 19 
figure 1: Sensors placed in group 1. Sensor A below, sensor В above and sensor С in between. 
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figure 2: Sensors placed in group 2. 
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Sensors in group 1 were positioned on three different locations in the bladder wall (fig. 
3): sensor A (size 2,5 χ 2,3 χ 0,3 cm.) was sewn intra-abdominally on the peritoneum of 
the bladder dome. Sensor В (size 2,5 χ 2,3 χ 0,3 cm.) was positioned in a pouch between 
the muscular layer and the peritoneum right or left of the dome in the vicinity of the 
midline. Sensor С (size 2,4 χ 1,5 χ 0,3 cm.), was positioned in a pouch between the 
bladder and the vesicovaginal septum. All sensors in group 2 (size 0,6 χ 0,2; 0,8 χ 0,25; 
1,1 χ 0,35 cm.) were positioned in a pouch between the mucosa and the muscular layer 
(fig. 4). 
figure 3: Position of the sensors in group 1 
Figure 4: Position of the sensors in group 2. 
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Fixation of the sensors was performed with 2 different suture materials: In four group 1 
goats vicryl 4.0 was used and in the other four prolene 4.0. In two group 2 goats, vicryl 
4.0 was used and in the other two prolene 4.0. The tubes of the dacron sensors and the 
edges of all sensors were coated with a mixture of gentamicin, fucidin and silicon 
rubber," and all sensors were radiographically marked. The table shows the distribution 
of the sensors and suture types in the animals. 
After operation all goats received antibiotic treatment for 3 days. After two weeks 
observation in the animal laboratory, all goats were transferred to a farm, where free 
movement in a meadow was possible. 
Physiological filling cystometry, with microtip catheters in bladder and rectum, was 
performed after 4 and 10 months for at least 1 hour. Pressure samples were recorded 
every half second, and data processing was performed after transcription to a personal 
computer. Urine cultures were taken after 3, 6, 9 and 12 months, or on indication. Plain 
radiographs were taken after 4 months, and cystography using angiograffin 0,2% solution 
was made after 10 months. 
Table: Sensors, suture types, period before sacrifice or last cystography and anatomical result. 
group 1 
group 2 
at no 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
suture type 
vicryl 
prolene 
vicryl 
prolene 
vicryl 
prolene 
vicryl 
prolene 
vicryl 
prolene 
vicryl 
prolene 
sacrificed (monthsl sensors at necropsy 
2 (mastitis) 
12 
4,5 (UT I) 
12 
12 
25 
25 
25 
4,5 (U.T.I.I 
12 
12 
12 
С perforated, A + В good 
A + С detached, В good 
All good 
A + С detached, В perforated 
A + С detached, В perforated 
A + С detached, В good 
A + С detached, В perforated 
A + С detached, В good 
2 missing, 1 in place 
all missing 
2 missing, 1 in place 
all missing 
After 12 months, or earlier on indication, all animals except three of group 1 were 
sacrificed with pentobarbital 150 mg/kg and autopsy was performed. Special attention was 
paid to adhesions to the bladder and the position of the sensors. The bladder was opened 
and the mucosa was inspected for any abnormality. Bladder and uterine cervix were 
formalin fixed. Representative sections were taken and paraffin embedded. The 
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microscopic sections were stained with haematoxyhn and eosin 
In three animals of group 1 (no 6, 7 and 8), the follow-up period was prolonged. 
Cystoscopy was performed after 12 months and cystography after 18 months After 25 
months autopsy was performed 
In a therapeutic implant, the group 1 sensors were the type used by Bnndley and 
Donaldson ' Each sensor consist of a saline-filled cavity bounded by a flexible, nearly-flat 
wall facing the lumen of the bladder and rigid walls elsewhere. A transducer/stimulator, 
lying in the abdominal wall, converts the difference between the pressure in the sensor 
and that in a reference sensor in the peritoneal cavity into an electrical signal Thus after 
implantation, when the flexible wall and the sheet of muscle between it and the lumen are 
flat, the pressure in the sensor must be exactly equal to that in the lumen. This is the zero 
level of the system When the flexible wall and the adjacent muscle sheet are convex 
towards the lumen, the pressure in the sensor exceeds the intravesical pressure by an 
amount that increases with the degree of convexity and with the tension in the muscle 
When the wall is concave, the pressure in the sensor falls short of the intravesical 
pressure by an amount that depends similarly on the same two variables Probably the 
sensor will be used in a slightly convex state, so that it slightly overestimate fluctuations 
of bladder caused by detrusor contractions After implantation the transducer can be 
calibrated by ordinary cystometry equipment 
Since the S3 segmental nerves contain most of the fibers that run in the pudendal nerves, 
stimulation of them seems to have nearly the same inhibitory effect on reflex detrusor 
contractions78 If the human anatomy proves similar, the S3 segmental nerves will 
probably be used as site for the stimulating electrodes, since surgical access is easier to 
them than it is to the pudendals 
Though an intra-abdominal site that allows the stimulator to be regulated by detrusor 
pressure is probably most useful for the reference sensor, a subcutaneous site, allowing 
the stimulator to be regulated by total bladder pressure, could be used instead in 
exceptional circumstances 
RESULTS 
Before operation all goats showed stable bladders on physiological-filling cystometry 
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Micturition frequency was 2.1 per hour, and mean volume 64 ml. per portion. 
Intravesical pressure during micturition ranged from 48 to 77 cm H20. The cystometric 
findings at 4 months and 10 months were similar to the preoperative findings. Figure 5 
shows an example. 
Three goats were sacrificed earlier than planned, goat 1 at 2 months because of a severe 
ulcerating mastitis, and goat 3 and 9 at 4.5 months because of refractory urinary tract 
infection. Goats 2, 4, 5, 10, 11 and 12 were sacrificed electively at 12 months, and goats 
6, 7 and 8 electively at 25 months (table). 
Plain films made at 4 months showed no bladder stones. All sensors in group 1 animals 
were visible in the pictures, but of the dummy sensors in group 2 animals, all but 2 were 
missing. They had evidently eroded through the mucosa and been expelled through the 
urethra. One sensor in goat 9 was still in place and one in goat 11 had eroded through the 
peritoneum into the abdomen. 
Figure 5: Physiological filling cystometry in goat 5, 10 months after operation. 
Cystography was performed after 10 months in 6 animals of group 1 and in 3 animals of 
group 2. In 4 of the group 1 animals, sensor A has lost contact with the bladder wall (fig. 
6). Sensors В and С appeared to be in place. Again there were no signs of perforation. In 
group 2 animals the only sensor that had not eroded through the bladder mucosa was still 
in the abdomen after 10 months. No positive cultures were found in all of the routinely 
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performed urine cultures. 
Figure 6: Cystography after 18 months, 
correct position (goat 8). 
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Figure 7: Micrograph of goat no 4: Bladder wall showing remnants of sensor В on the left side, 
with normal muscular layer and mucosal lamina propria with minimal inflammatory infiltrate. 
Urothelium is desquamated. Inset left side: detail of remnants of sensor B, covered with 
peritoneum. Inset right side: detail of muscular layer and mucosal lamina propria. H & E staining 
and biréfringent illustration of sensor remnants: X 60 (left inset X 115, right inset X 105). 
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Autopsy in goat 1 showed only small adhesions in the bladder region. After opening the 
bladder a small perforation through the mucosa of sensor С was seen. Microscopic 
examination showed no signs of inflammation around the sensors or in the bladder. 
Bacteria were found in the small blood vessels as sign of septicemia. At autopsy of goat 3 
the bladder was found surrounded by adhesions. No perforation through the mucosa was 
seen. Autopsy in goat 9 showed also severe adhesions in the bladder region. There was 
only one sensor intra-abdominally and abnormalities to the mucosa were not found. 
Microscopy showed signs of severe cystitis in both bladders. Autopsy in goat 2, 4 and 5 
showed only small adhesions in the bladder region. Sensors A and С had partly lost 
contact with the bladder wall. Sensor В perforated through the mucosa in goats no. 4 and 
5. Microscopy showed signs of inflammation only around sensor В in goats no. 4 and 5 
(fig. 7). Autopsy in goat 10, 11 and 12 showed no inflammatory reaction in the bladder 
wall (fig. 8). 
Figure 8: Micrograph of goat no 10: Bladder wall with muscular layer on the left side and with 
mucosa on the right side. Note absence of inflammatory infiltrate in bladder wall and mucosa 
(inset: detail of mucosa) *: some fibrotic scar tissue in area of sensor placement. H & E 
staining: X 40 (inset X 115). 
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Cystoscopy at 12 months showed normal bladders in the three goats (6, 7 and 8) that 
were kept alive for 25 months Cystography at 18 months showed that all sensors A and 
С were detached from the bladder, and all sensor В appeared to be correctly placed 
Autopsy at 25 months confirmed the finding that sensor A and С were detached from the 
bladder wall in all cases Sensor В was correctly positioned in goat 6 and 8, but had 
perforated through the mucosa in goat 7 
All four group 1 animals, in whom vicryl sutures were used, developed complications or 
perforations of sensors In the other 4, in whom prolene 4 0 was used, this figure was 
one (25%) In group 2 no differences were found between the vicryl and prolene 
The performance of the implants was evaluated at autopsy in two animals Sensor В in 
goat 2 and sensor В in goat 5 were filled with water and connected by a water filled tube 
to a microtip transducer Another microtip transducer was inserted transurethral^ into the 
bladder Squeezing the bladder between thumb and fingers raised the pressure in it (fig. 
9, upper trace) The pressure recorded from the sensor (fig 9, lower trace) imitated that 
in the bladder, but at about two thirds of the amplitude and with a time delay of 200 
msec 
5 0
 n i 2 sec 
Intravesical pressure 
Sensor pressure 
A / 
Figure 9 Intravesical (above) and sensor (below) pressure alterations after squeezing in the 
bladder (goat no 2 ) Measurements made after one year 
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DISCUSSION 
Treatment options in patients with hyperreflexie neurogenic bladder dysfunction and 
urinary incontinence include pharmacotherapy, especially anticholinergic agents, 
intermittent catheterization, neurological ablation, bladder augmentation or unnary 
diversion and sphincterotomy 7 In patients with complete spinal cord injury, implantation 
of an intradural or extradural sacral anterior root stimulation and sacral postenor 
rhizotomy to prevent urinary incontinence can be a good alternative n 15 However, some 
of these methods are too invasive, some may fail, and some can cause unwanted long 
term side effects Electrical stimulation of the pudendal nerve afférents induces a 
profound inhibition of the detrusor muscle and could be used to prevent unnary 
incontinence in these patients3 7 To date, all reports in patients with neurogenic detrusor 
hyperreflexia come from acute experiments Since the filling volume at which unstable 
detrusor contractions occur varies both between patients and from time to time, a system 
that could stimulate the pudendal nerve on demand would be preferable Since stimulators 
and electrodes that can be used for this purpose are available' '6 the most important 
problem to solve is the registration of the unstable detrusor contractions Therefore, we 
investigated the functional and anatomical reaction of the bladder wall on long term 
implants in an animal model 
In the past several investigators studied the reaction of the human bladder wall dunng 
direct detrusor stimulation in patients with neurogenic bladder dysfunction with electrode 
implants onto the bladder wall '7 '8192° Most of these expenments were hampered by the 
fact that the electrodes eroded through the bladder wall into the lumen or lost contact with 
the bladder wall after a period of time In a review article Halverstadt and Parry 
described 40 clinical trials with direct detrusor stimulation 21 Success was reported in 
12,5%, longest follow up being З'/г years and improvement for 15 months being found in 
5% In 1978 Jonas and Hohenfellner published a study of 11 patients with spinal cord 
injury on direct detrusor stimulation 22 Only 4 patients used the stimulator to empty the 
bladder Because the results were disappointing direct bladder stimulation was abandoned. 
The disappointing experiences in the past with implants sewn to the bladder wall does not 
imply that no such implants can be useful, but it demands the development of better 
techniques Our observations have made a beginning 
First they show that implants, even very small ones, placed in contact with the epithelium 
always become displaced within a short time Usually they erode into the lumen, 
exceptionally into the pentoneal cavity The human bladder may not be quite like that of 
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the goat, but it can hardly be so different as to convert 100% failure into a high success 
rate. This site is useless. 
Next, we have failed in our attempt to make minor improvements in the method that has 
been used to attach implants to the bladder, that is to sew them over intact peritoneum 
(sensor A).21 Goats 1 and 3 show that such implants can remain well placed at 2 and 4.5 
months, but after 10 months 4 of the remaining 6 had become displaced, and by 18 
months none were in position We think that this site also cannot be made useful. 
Next, we did not find that a midline posterior position (sensor C) to improve stability in 
the goat Here the anatomy is a little different in the goat and woman, because a pouch of 
peritoneum separates the cervix from the bladder in the goat. The failure of sensors 
placed between vagina and bladder in the goat does not prove that sensors placed between 
bladder and cervix in woman would fail, but it does not make them promising. 
Last, we have had success as long as 25 months (and this probable implies permanent 
stability) with sensors placed between peritoneum and muscle (sensor B). Only 3 of the 6 
long-term implantations of such sensors succeeded, but the proportion can surely be 
improved although some risk of erosion into the bladder will always remain. 
Since we were interested only in finding a more durable way of attaching bladder 
pressure sensors, we implanted more sensors (three) in each goat bladder in different 
locations in order to use as few animals as possible For the same reason we also used 
different sutures and different sensor sizes and materials 
In a therapeutic implant fluctuations caused by external forces, as in the experiment of 
figure 9, will never be overestimated by the sensor. They will be underestimated (as they 
were in the experiment and also in the roughly but not closely comparable acute 
experiments of Takayama ") if the transducer or the tubes leading to it are compliant or if 
the attachment of the sensor to the bladder is loose enough to allow the tissue between the 
sensor and the bladder to become convex when the bladder pressure rises. 
In summary, we think that implantation of a pressure sensor between the peritoneum and 
the muscular layer of the bladder is feasible. Further study is needed to determine the 
optimal material to detect detrusor contractions Since we found a clear difference in the 
reaction of sensors sewn with absorbable and non-absorbable sutures in favour of the 
latter, we suggest using non-absorbable suture material. 
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Chapter 10 
SUMMARY AND CONCLUSIONS 
During the last decades scientific research in the field of neuro-urology has increased the 
possibilities of treating patients with neurogenic and non-neurogenic voiding dysfunctions 
to a large extent The practising physician disposes of a greater armamentarium of 
treatment modalities and therefore, the enthusiasm for treating patients with voiding 
dysfunctions is enhanced Moreover, it will encourage the patient to consult the urologist 
for the voiding complaints Beside the treatment of voiding complaints, the research 
efforts have also made prevention possible of potential life threatening deterioration of 
kidney function in neurogenic lower urinary tract dysfunction However, as in other 
branches of medical science, many questions in neuro-urology are still unanswered In 
this thesis, an effort is made to answer some of these questions but, inevitably, it also 
raises new ones 
In chapter 1 an introduction is given on anatomy, innervation of the lower urinary tract, 
and physiology of micturition and continence From this overview it becomes clear that 
the lower urinary tract is a complicated functional unit, that depends on many different 
structures and neuronal centers, and therefore is highly susceptible for neurogenic voiding 
disorders In paragraph 1 4 the approach to a patient with voiding dysfunction is 
described The main areas of interest, investigational techniques of the lower urinary tract 
and therapeutic options for voiding dysfunctions, are presented in chapter 1 5 Description 
of these frontiers has led to the aim of this thesis as described in chapter 2 
The aim of this thesis is to determine the value and role of investigatory procedures in 
patients with neurogenic voiding disorders and to evaluate the applicability of specific 
treatment modalities in patients with neurogenic voiding disorders Because of the 
restrictions of actual treatment modalities, new therapies with possible greater 
applicability in humans are tested in animal models 
In most patients with multiple sclerosis the lower urinary tract is affected In chapter 3, 
212 patients are presented with multiple sclerosis with and without voiding complaints or 
urodynamic abnormalities Since no single objective parameter can predict the course nor 
the extend of the disease, voiding complaints and urodynamic abnormalities have been 
compared with different parameters, all though to be related to the course or the extend 
of multiple sclerosis This chapter provides an image of the magnitude of lower urinary 
tract pathology in different groups with different multiple sclerosis related parameters, 
and shows that bladder sensibility disorders which were formerly thought to be related to 
multiple sclerosis are probably not Moreover, this study confirms that upper urinary tract 
pathology is rarely found in multiple sclerosis. 
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In chapter 4 the value of two neurourophysiological tests, the bulbocavernosus reflex and 
the urethro-anal reflex, are studied in the diagnostic work-up of patients with complete 
traumatic suprasacral spinal cord injury It is generally accepted that suprasacral spinal 
cord injury results in detrusor hyperreflexia with normal sacral reflexes. Unexpectedly, 
our study shows a high incidence of abnormal sacral reflex recordings and detrusor 
areflexia. It appears that both findings correlate well. The abnormal sacral reflexes and 
detrusor areflexia may probably be caused by a failure to erect new functional reflexes at 
the level of the sacral micturition center after the spinal cord injury. Concerning the value 
of the two tests in the diagnostic work-up, it appears that detrusor function, as assessed 
with urodynamic investigation, does not correlate with sacral reflex latencies. This 
indicates that the bulbocavernosus reflex and the urethro-anal reflex have no additional 
value nor can replace urodynamic investigation in these patients. 
In chapter 5 a new treatment for patients with detrusor hyperreflexia due to suprasacral 
spinal cord injury is described The technique of intradural transection of the postenor 
sacral roots from S2 to S4/S5, creating an areflexic detrusor, and the implantation of 
special book-electrodes on the remaining anterior sacral roots is described It provides 
control over bladder emptying and releases the patient of urinary incontinence In chapter 
6 the long-term results of this technique with regard to bladder compliance are presented. 
This study shows that only complete transection of all posterior roots from S¡ to S5 
guarantees long-term detrusor areflexia and high compliance of the bladder. Since 
detrusor hyperreflexia, which is frequently found in patients with suprasacral spinal cord 
injury, results in high bladder pressures and concomitant high risk of kidney function 
deterioration, the creation of a high compliant bladder is a major aim in the treatment of 
these patients It is noteworthy that incomplete transection of postenor sacral roots results 
in detrusor areflexia but in low bladder compliance In these patients secondary stage 
rhizotomies at the level of the conus medullaris are recommended. 
In chapter 7 a new technique for sacral root stimulation is presented. The main 
disadvantages of the current concept as descnbed in chapter 5 are a high intravesical 
pressure dunng voiding due to stimulation induced detrusor-sphincter dyssynergia and the 
inability to use the technique in patients with incomplete spinal cord injury due to pain 
sensation The concept introduced in this chapter is based on a combination of nerve 
excitation and blocking When this technique is used in sacral ventral roots in dogs, it is 
possible to activate only the bladder and not the urinary sphincter. The study provides 
evidence that the ideal situation, bladder contraction with low sphincter pressure, is 
possible in an animal model 
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Beside using electrical current to induce bladder contraction, it is also possible to 
influence the lower urinary tract function with electrical current in idiopathic non-
neurogenic voiding dysfunctions and some cases of neurogenic voiding disorders. In 
chapter 8 ал effort is made to find predictors of success with sacral foramen stimulation. 
Unfortunately, neither gender, age, history nor diagnosis are predictors of success in this 
study. It is possible that other factors which were not studied, are real predictors of 
success. 
It appears that the treatment option as described in chapter 8 does not work in many 
patients with neurogenic detrusor hyperreflexia. Although it is possible to induce detrusor 
inhibition during a short period, urinary incontinence due to detrusor hyperreflexia returns 
within a few minutes or hours. In chapter 9 a bladder pressure sensor is evaluated in an 
animal model. This device can detect pressure increase in the bladder. When the 
intravesical pressure increase will be converted into electrical stimulation of the pudendal 
nerves this would result in bladder inhibition. It is appears that the position of a bladder 
sensor between the peritoneum and the muscular layer is the most promising for 
implantation. In all the other tested locations, erosion through or detachment from the 
bladder wall occurs. 
Future perspectives 
It is expected that in the near future the knowledge of the function of different 
neurotransmitters and receptors will lead to more specific pharmacological modulation of 
voiding disorders. Since dysfunction of the lower urinary tract is often caused by 
dysfunction of parasympathetic and/or sympathetic nervous system, new 
neurophysiological investigatory techniques should focus more on testing the autonomic 
nervous system. This will give the investigator more possibilities to differentiate between 
psychological and physiological causes of idiopathic voiding dysfunctions. 
In the field of treatment of neurogenic voiding dysfunction, in particular spinal cord 
injury, very much can be expected from the research in nerve stimulation techniques. 
Since nerve stimulation techniques are suitable to restore many other functions in the 
human body, the research efforts in this field are the most promising developments in 
neuro-urological research. It can be expected that the bladder stimulator as described in 
chapter 5 could be replaced by a stimulator capable of selective activation of the bladder 
only, thereby producing a more physiological micturition. Electrical stimulation will be 
utilized on a wider scale and not only for a select indication. Future developments may 
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also provide an alternative option for surgical deafferentation, which is an electical 
stimulation technique. This will reduce the extend of the surgical procedure. 
The clinical value of the bladder sensor as described in chapter 9, has to be determined 
yet. The development and use of sensors to detect changes in the function of human 
organs, will achieve the same importance as the nerve stimulation techniques. It is to be 
expected therefore, that also bladder sensors will be implanted in the near future in 
humans. 
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Chapter 11 
SAMENVATTING EN CONCLUSIES 
De mogelijkheden om patiënten met mictieklachten met een neurologische of niet-
neurologische oorzaak te behandelen, is door de recente wetenschappelijke belangstelling 
in de neuro-urologie enorm toegenomen De behandelend arts beschikt tegenwoordig over 
een uitgebreide verzameling behandelingsmogelijkheden Hierdoor neemt het 
enthousiasme voor de behandeling van patiënten met mictieklachten toe en zal de patient 
mogelijk eerder met zijn mictieklachten naar de arts gaan Naast de behandeling van 
mictieklachten is het voorkómen van de soms levensbedreigende afwijkingen van de hoge 
unnewegen, als gevolg van neurogene functiestoornissen van de lage urinewegen, dankzij 
het wetenschappelijk onderzoek mogelijk geworden Zoals in veel takken van de medische 
wetenschap is een aantal vragen nog onbeantwoord In dit proefschrift wordt een poging 
gedaan sommige te beantwoorden, maar zullen onvermijdelijk ook nieuwe vragen worden 
opgeroepen 
In hoofdstuk 1 wordt een algemene inleiding gegeven over de anatomie, de ïnnervatie 
van de lage unnewegen en de fysiologie van continentie en mictie Uit dit overzicht blijkt 
dat de normale functie van de lage unnewegen afhankelijk is van veel structuren en 
neurologische centra, waardoor de lage unnewegen zeer gevoelig zijn voor neurologische 
en met-neurologische aandoeningen en afwijkingen In paragraaf 1 4 wordt de 
onderzoeksstrategie van een patient met mictieklachten besproken In paragraaf 1.5 
worden de belangrijkste aandachtspunten van de neuro urologie van dit moment 
beschreven Hieruit blijkt dat veel aandacht uitgaat naar onderzoek technieken van de lage 
unnewegen en therapeutische mogelijkheden van mictieafwijlangen 
In hoofdstuk 2 wordt het doel van dit proefschrift wordt weergegeven Het doel is het 
onderzoeken van de rol en waarde van bekende onderzoek technieken bij patiënten met 
neurogene blaasfunctiestoornissen en de toepasbaarheid van specifieke 
behandelingsmogelijkheden bij patiënten met neurogene blaasfunctiestoornissen 
Aangezien deze behandelingsmogelijkheden een beperkte indicatie hebben bij patiënten, 
worden in diermodellen nieuwe ideeën en theoneen onderzocht, die een grotere 
toepasbaarheid bij patiënten tot gevolg zal hebben 
Bij veel patiënten met multiple sclerose is de blaasfunctie gestoord In hoofdstuk 3 
worden 212 patiënten gepresenteerd, die lijden aan multiple sclerose met en zonder 
mictieklachten of urodynamische afwijkingen Aangezien er geen objectieve parameter 
bestaat die het beloop of de toestand van een patient met multiple sclerose kan weergeven, 
wordt in deze studie een aantal parameters die een relatie hebben met het beloop of de 
toestand van multiple sclerose vergeleken met de mictieklachten en urodynamische 
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afwijkingen. Deze studie verschaft een beeld wat de omvang is van de afwijkingen van de 
lage urinewegen bij patiënten met multiple sclerose. Uit deze studie blijkt tevens dat 
sensibiliteitsstoomissen van de blaas, waarvan werd gedacht dat ze typerend waren voor 
multiple sclerose, waarschijnlijk niet gerelateerd zijn aan de ziekte. Bovendien is uit deze 
studie gebleken dat afwijkingen van de hoge urinewegen zelden voorkomen bij multiple 
sclerose. 
In hoofdstuk 4 wordt bij een groep patiënten met een traumatische complete suprasacrale 
dwarslaesie van het ruggemerg de waarde van twee neurofysiologische tests in het 
diagnostische schema onderzocht, namelijk de bulbocavernosus reflex en de urethro-anale 
reflex. Algemeen wordt aangenomen dat traumatische suprasacrale dwarslaesie resulteert 
in detrusor-hyperreflexie en normale sacrale reflexen. Onze studie toont nu een 
onverwacht hoog aantal patiënten met afwijkende sacrale reflexen en detrusor-areflexie. 
Het blijkt dat beide bevindingen goed met elkaar согтеіегеп. De reden voor deze 
bevinding is nog steeds hypothetisch, maar het is waarschijnlijk dat het ruggemerg - op 
het niveau van de conus medullaris - in veel gevallen niet in staat is om, nadat de invloed 
van de hoge neurologische centra na de dwarslaesie is weggevallen, adequate functionele 
reflexen te creëren. Het bleek voorts dat de latentietijd van de twee neurofysiologische 
tests niet correleerde met de hyperreflexe detrusor-functie zoals die werd vastgesteld 
tijdens urodynamisch onderzoek. Dit betekent dat de bulbocavernosus reflex en de urethra 
anale reflex geen additionele informatie geven en het urodynamisch onderzoek niet 
kunnen vervangen. 
In hoofdstuk 5 wordt een nieuwe techniek gepresenteerd om patiënten te behandelen met 
detrusor-hyperreflexie door een suprasacrale dwarslaesie. Het artikel beschrijft de 
techniek van de intradurale doorsnijding van de sacrale achterwortels S2 tot S4/S5 
waardoor een areflexe detrusor wordt verkregen, en de implantatie van speciale boek-
elektroden op de resterende sacrale voorwortels. Deze techniek verschaft de 
dwarslaesiepatiënt controle over de blaaslediging en verlost hem van de urine-
incontinentie. 
In hoofdstuk 6 worden de lange-termijnresultaten van deze techniek op de compliantie 
van de blaas beschreven. Deze studie toont aan dat alleen complete doorsnijding van alle 
achterwortels van S2 tot S5 langdurige detrusor-areflexie met een hoogcompliante blaas 
garandeert. Aangezien detrusor-hyperreflexie, dat frequent wordt gevonden bij patiënten 
met een suprasacrale dwarslaesie, resulteert in hoge blaasdrukken met een verhoogd risico 
voor nierfunctieverlies, is het streven naar een hoogcompliante blaas een belangrijk doel 
147 
van therapie bij deze patiënten Deze studie toont verder aan dat incomplete doorsnijding 
van de sacrale achterwortels wel resulteert in detrusor-areflexie, maar ook in lage 
blaascompliantie In dit soort situaties wordt doorsnijding van de sacrale achterwortels op 
het niveau van de conus medullans geadviseerd 
In hoofdstuk 7 wordt een nieuwe techniek beschreven van sacrale wortelstimulatie De 
belangrijkste nadelen van de techniek, zoals die wordt beschreven in hoofdstuk 5, zijn het 
induceren van hoge blaasdrukken tijdens de blaaslediging als gevolg van de door 
stimulatie geïnduceerde detrusor-sphincter-dyssynergie en het onvermogen om deze te 
gebruiken bij patiënten met een incomplete suprasacrale dwarslaesie in verband met 
pijnsensatie De nieuwe techniek die wordt geïntroduceerd in dit hoofdstuk is erop 
gebaseerd dat zenuwvezels kunnen worden gehyperpolanseerd waarbij de zenuwgeleiding 
wordt geblokkeerd Als deze techniek wordt toegepast bij sacrale voorwortelstimulatie, 
wordt het mogelijk om alleen de blaas te activeren zonder gelijktijdige activatie van de 
urethrale sphincter Deze studie toont aan dat de ideale situatie, blaascontractie met een 
lage druk in de sphincter, mogelijk is in een diermodel 
Naast het gebruik van elektrische stroom om blaascontractie te induceren, is het ook 
mogelijk de functie van de lage urinewegen met elektrische stroom te beïnvloeden bij 
idiopathische niet-neurogene blaasfunctiestoornissen en sommige neurogene 
blaasfunctiestoornissen In hoofdstuk 8 wordt een poging gedaan voorspellende factoren 
te vinden voor een succesvol resultaat van deze techniek, die neuromodulatie wordt 
genoemd Helaas blijkt in deze studie dat geslacht, leeftijd, medische voorgeschiedenis of 
diagnostische factoren geen voorspellende waarde hebben Het is echter goed mogelijk dat 
er andere voorspellende factoren zijn die niet in deze studie zijn onderzocht 
Verder blijkt dat de behandelingsoptie zoals die wordt beschreven in hoofdstuk 8 niet 
werkt bij veel patiënten met een neurogene hyperreflexe blaasfunctiestoornis. Alhoewel 
het mogelijk is om gedurende een korte tijd remming van detrusor-activiteit te induceren 
door het elektrische stimuleren van de pudendus zenuwen, zal na verloop van minuten of 
uren unne-incontinentie door hyperreflexie toch weer optreden In hoofdstuk 9 wordt een 
nieuw instrument geïntroduceerd namelijk een blaasdruksensor De theorie hierachter is, 
dat een druksensor toename van druk in de blaas kan detecteren en kan omzetten in een 
elektrische prikkel van de pudendus-zenuwen, waardoor remming van blaascontractie 
optreedt Door de pudendus-zenuwen alleen te stimuleren op het meest gewenste moment, 
namelijk tijdens drukverhoging in de detrusor, wordt optimaal gebruik gemaakt van het 
blaasremmende vermogen van pudendusstimulatie De lokalisatie van de blaassensoren 
148 
tussen de spierlaag van de blaas en het peritoneum blijkt de meest belovende positie te 
zijn In alle andere onderzochte locaties in de blaas trad erosie of loslating van de sensor 
op 
Toekomst verwacht ¡ngen 
Het onderzoek in de neuro urologie is gericht op verschillende gebieden. Het is te 
verwachten dat in de nabije toekomst de kennis over de functie van verschil'ende 
neurotransmitters en receptoren zal leiden tot specifiek farmacologische beïnvloeding van 
de urogenitale tractus Dit zal resulteren in betere behandelingsmogelijkheden van de 
idiopathische mictiestoornissen 
Aangezien het disfunctioneren van de lage urinewegen vaak wordt veroorzaakt door het 
disfunctioneren van het parasympathische en sympathische zenuwstelsel, is het te 
verwachten dat nieuwe neurofysiologische onderzoekstechnieken meer gencht zullen 
worden op het testen van het autonome zenuwstelsel Dit geeft de onderzoeker meer 
mogelijkheden om te differentieren tussen psychologische en fysiologische oorzaken van 
idiopathische mictiestoornissen 
Op het gebied van de behandeling van neurogene afwijkingen van de lage urinewegen, in 
het bijzonder bij dwarslaesie, valt veel te verwachten van het onderzoek van 
zenuwstimulatietechnieken Aangezien zenuwstimulatietechnieken geschikt zijn om veel 
andere functies in het menselijk lichaam te herstellen, zijn de onderzoeksinspanmngen in 
dit gebied een van de meest belovende in neuro urologische research. 
Het is te verwachten dat de blaasstimulator, zoals die is beschreven in hoofdstuk 5, wordt 
vervangen door een stimulator die in staat is de blaas selectief te stimuleren, waarbij een 
fysiologische mictie wordt nagebootst 
De klinische waarde van blaassensoren, zoals is beschreven in hoofdstuk 9, moet nog 
worden vastgesteld De ontwikkeling van sensoren om veranderingen in menselijke 
organen te detecteren zal dezelfde importantie krijgen als de zenuwstimulatietechnieken. 
Het valt daarom te verwachten dat ook blaassensoren in de nabije toekomst bij mensen 
zullen worden ingebracht 
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STELLINGEN 
behorende bij het proefschrift 
PROGRESS IN NEURO-UROLOGY 
Evaluation of investigatory techniques 
and new treatment options 
E.L. Koldewijn 
Nijmegen, 8 november 1994 
1 
Alleen een complete bilaterale intradurale rhizotomie van de achterwortels van de tweede 
tot en met de vijfde sacrale wortel garandeert blijvende detrusor-areflexie bij patiënten 
met detrusor-hyperreflexie als gevolg van een complete suprasacrale dwarslaesie 
Du proefschrift 
2 
Door het toepassen van selectieve electrostimulatie van dunne zenuwvezels in sacrale 
zenuwwortels is het mogelijk om de musculus detrusor te activeren zonder gelijktijdige 
activatie van de dwarsgestreepte urethrale sphincter 
Dit proefschrift 
3 
Op dit moment is er geen parameter bekend die het succes van neuromodulatie bij 
patiënten met chronische blaasfunctie stoornissen kan voorspellen 
Dit proefschrift 
4 
Druksensoren in de blaaswand kunnen een bijdrage leveren bij de behandeling met 
electrostimulatie van patiënten met ernstige therapie resistente detrusor-hyperreflexie 
Dit proefschrift 
5 
Het meten van sacrale reflex latentie tijden bij patiënten met een complete suprasacrale 
dwarslaesie heeft geen klinische betekenis 
Dit proefschrift 
6 
Eén enkele aminozuursubstitutie in de structuur van een eiwit kan een belangrijk verschil 
in affiniteit voor de proximale niertubulus tot gevolg hebben 
MAGJ ten Dam, et al Clinical Science, 80 161-166,1991 
7 
Neuropathie is de belangrijkste oorzaak voor erectiele dysfunctie bij mannelijke pauenten 
met insuline afhankelijke diabetes mellitus. 
LH В. Bemelmans, et al : Journal of Urology, 151 884-889, 1994 
8 
Bij myocard revascularisatie is het gebruik van beide artenae mammana interna al dan 
niet aangevuld met venegrafts is te verkiezen boven het gebruik van een van de artenen 
aangevuld met venegrafts. 
E. Berreklouw, ... , EL Koldewtjn er al : Annals of Thoracic Surgery, 57: 1564-1572, 
1994 
9 
De beslissing om in toiletten van ziekenhuizen geen telefoon te plaatsen gaat voorbij aan 
het feit dat artsen ook mensen zijn 
10 
Het hebben van zes oudere zussen is psychisch minder belastend dan veel mensen 
vermoeden 
11 
Het herwinnen van controle over de blaasfunctie betekent veel meer dan het vermogen 
urine te kunnen ophouden en te lozen op ieder gewenst moment 
12 
De technische problemen die electnsche zenuwstimulatie van de miktie geeft doet het 
ergste vrezen voor de uitvoerbaarheid van electnsche zenuwstimulatie van de loopfunctie. 
13 
Hoe meer tatoeages, des te groter het trauma. 



